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THE    GNEISSES,  GABBRO  -  SCHISTS,  AND  ASSOCIATED 
ROCKS  OF  SOUTHWESTERN  MINNESOTA. 


By  O.  W.  Hau.. 


OHAPTEB    I. 

INTBODtrcnON'. 

The  tOTritoiy  from  which  the  mftterial  for  this  paper  was  gathered 
embraces  that  part  of  the  Minnesota  Bivw  Valley  lying  between 
Oonrtland  and  Ortonville  and  that  portion  of  the  State  of  Minnesota 
to  the  west  and  south  of  the  river  named  wherever  gneisses  are  foond. 
(See  PL  L)    The  area  is  about  5,500  square  miles  in  extent. 


Fia.  1,-^  tnwnablp  htna  the  Dnltsd  SUia  OoverDiiwnt  ■nrrer— T.  110  N.,  S.  10  W.,  HlniXMte. 

This  entire  area  has  been  platted  by  the  laud  surreyors  of  the  Gov- 
ernment, and  geologists  are  tbns  enabled  to  locate  accurately  every 
sample  gathered.  Wherever  in  the  following  pages  a  definite  location 
is  given,  the  township  and  range  are  named,  and  the  paces,  on  the 
basis  of  2,000  to  the  mile,  north  and  went  fi-om  the  southeast  corner  of 


in 


GHEIB8E6,  QABBB0-8CHI8T8,  ETC.,  OP  8W.  MINNESOTA,  [bc 


the  eeotion  are  stated.  Occasionally,  however,  it  was  foand  that  tbe 
surveyors'  monameots  and  section  posts  bad  disappoared,  and  then 
the  distances  were  estimated. 

Although  tbe  area  embraced  in  this  study  reaches  well  np  to  the 
headwaters  of  the  Minnesota  Biver,  tbe  rock  elevations  do  not  attain 
great  heights  above  the  sea.  Probably  no  outcrop  oocnrs  at  a  higher 
elevation  than  1,200  feet.  This  portion  of  the  State  is  deeply  drift 
covered,  and  wherever  the  rocks  appear  above  the  present  high-water 
mark  of  the  Miuueaota  Biver  they  protrude  in  well-ronoded  knobs  or 
bosses,  sometimes  of  small  size,  and  never  of  great  extent,  either  in 
height  or  in  area.  As  a  conseqaence  of  the  heavy  drift  covering,  we 
find  few  outcrops  npon  the  prairie  beyond  the  morainic  blaffs  which 
bound  an  ancient  flood  plain  of  tbe  Minnesota  Biver.     These  few  are 


N.W.1* 

HW-M.    1   HXtrHM. 

KM.% 

S.K.>i 

Flo.  I.— A  »vtiaii  1  mil*  aqiUTe.    ODBmIla=!,00C)paiwa. 

the  highest  masses  of  an  eroded  rock  surface  protruding  through  the 
glacial  drill. 

The  flood  plain  of  tbe  Minnesota  Biver  is  from  1  to  5  miles  wide 
throughout  its  course  from  Ortonville  to  and  beyond  Kew  Ulm,  and 
wasformedwhiletbe  valley  was  a  chaunel  of  outflow  fh)m  Glacial  Lake 
Agassiz,  extending  northward  through  the  present  Bed  Biver  Valley. 
Projecting  through  this  flood  plain  are  many  exposures  of  gneisses, 
gabbro- schists,  diorites,  and  diabaaic  efifusives.  In  the  120  miles  be- 
tween Ortonville  and  Kew  Ulm  the  rocks  named  "  often  fill  the  entire 
valley,  1  to  2  miles  wide,  rising  iu  a  profusion  of  knobs  and  bills  50  to 
100  feet  above  the  river." ' 

Unless  there  be  assumed  a  considerable  elevation  of  the  central  por- 
tion of  the  continent,  it  must  be  supposed  that  during  Glacial  or  pre- 
Glacial  time  the  descent  of  the  Biver  Warren  was  a  gentle  one.  Saoli 
is  that  of  its  successor,  the  Minnesota  Biver,  of  post-Glacial  time. 
This  &ct,  and  the  presence,  throughout  the  upper  portion  of  ite  coarse, 
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of  cryatallioe  rockB,  have  determiDed  the  slight  depth  below  the 
Wftiren  flood  plain  to  which  the  bed  of  the  river  has  been  eroded. 
Few  rapida  occur,  and  these  are  where  the  river  crosses  the  strike 
of  the  gDeiases.  The  Minnesota  River  at  Ooartland  stands  807  feet 
above  the  Gnlf  of  Mexico,  and  the  elevation  of  Bigstone  Lake,  a 
widening  of  the  river  near  Ortonville,  is  962  feet 

The  few  expoBores  occarring  oatside  this  ancient  river  valley  lie  in 
the  towns  of  Omro,  Poseii,  Echo,  Yeata,  Johnsonville,  and  Yaill,  south 
and  west  of  the  Minnesota  Biver.  The  next  exposares  in  these  direc- 
tions beyond  the  townships  named  are  the  glaciated  knobs  of  red 
qnartzite  in  Cottonwood  and  Watonwan  counties,  and  other  quartzite 
exposures  among  the  Uoteau  des  Prairies — called  Shining  Mountains'  by 
the  early  explorers  of  the  Northwest — in  Rock  and  Pipestone  counti&i, 
ftom  which,  with  many  a  superatitioas  ceremony,  the  Indian  qnarried 
the  soft  catlinite  for  his  pipes. 

North  and  east  of  the  Minnesota  Biver  the  Leaf  Hills  and  the  uniformly 
thick  beds  of  till  cut  off  the  Minnesota  Biver  Valley  ssriea  of  gneisses 
and  associated  rocks  from  the  granites  and  schists  of  the  Mississippi 
Valley,  whose  most  sonthwesterly  exposures,  so  far  aa  known,  lie  in 
Stearns  Coanty.* 

In  locating  the  geological  boundaries  of  the  Minnesota  Biver  forma- 
tions, as  has  been  done  on  the  accompanying  maps,  sometimes  an 
approximation  only  is  possible.  Wherever  the  drift  covering  conceals 
the  underlying  rocks  the  rock  boundaries  are  denoted  by  dotted  lines. 

>  InTdIa  throngli  tfae  IntarloT  FarU  of  Smtb  Amsriu  Id  tbs  Y«n  1T««,  1T«1,  Hid  ITW,  b;  Jona- 
tlun  CarTw,  SobllQ,  17TS,  p.  tf. 

iPreUmbury  nport  on  the  g«alo^  of  oeDtnl  and  weaMm  IClnneMiU,  by  WuT«n  Uphun :  Eigbth 
Ado.  Sept.  Q«l.  ^aC  Hist.  Sorrej  MlaDeaota,  p.Tt;  aDdalao  Tbe  geology  of  OtlcrtaUCoan^,  by 
WanenUpham:    Flaal  Bept.  OeoLNtt.Hl>t.8arre;  MiuneaoM,  V<iLII,p.MC. 
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CHAPTER  II. 

BTJMMABT  OF  H^RLIER  OBSERVATIONS. 

In  the  mass  of  material  pablished  by  the  earlier  explorers  and  tbe 
later  scientific  inveatigatorB  vbo  have  given  their  attention  to  the 
northwestern  Territories  and  States,  little  reference  ia  made  to  the 
rocks  which  form  the  sabject  of  the  present  study.  For  the  purpose  of 
bistArio  and  scientific  reference  the  fallowing  list  of  titles  and  abstracts 
is  made.    The  order  is  chronological. 

SEPARATE   PUBLICATIONS. 

1.  Cabveb  (Jonathas).    TraToU  tbTongh  the  interior  parts  of  North  Ameriok  in 

tb«  rears  1766, 1767,  Mid  1768.    Dablln,  1779. 

Carver  wrote  an  exceedingly  iaterestiDg  book,  but  he  said  very  littli' 
on  the  geology  of  the  Northwest.  The  St.  Peter  (Lower  Silarian) 
sandstone  is  briefly  mentioned,  not  by  that  name  bat  as  a  8now-whit« 
rocb  crumbled  outwardly  by  the  wind  and  weather.  The  crystalline 
rocks  farther  up  the  Minnesota  River  Yalley  are  not  alluded  to. 

2.  RXATilfa  (William  H.)-    Narrative  of  an  expedition  to  the  aooroea  of  the  St. 

Peter'a  Eiver,  Lake  Winnepeek,  Lake  of  the  Woods,  etc.,  performed  la  the  fear 
1823,  '  '  '  ttoder  the  command  of  Stephen  H.  Long,  U.  S.  T.  E.  London, 
1826.    2  Tola. 

Professor  Keating,  of  the  University  of  Pennsylvania,  geologist  and 
historiographer  of  Mc^or  Long's  expedition,  indulged  in  many  philo- 
sophical reflections  on  the  character  and  constitution  of  the  granitic 
rocks  met  with  in  the  exploratioua  of  the  party  with  which  he  was 
connected  (Vol.  I,  pp.  362-382,  and  elsewhere).  In  the  primitive  rocks 
above  Redwood  Falls  it  seemed  to  Keating  '^  as  if  four  simple  minerals, 
quartz,  feldspar,  mica,  and  amphiboIe,had  united  here  to  produce  almost 
all  the  varieties  of  combinations  which  can  arise  from  the  association  of 
two  or  more  of  these  minerals,  and  these  combinations  were  in  such 
immediate  contact  that  the  same  fhigment  might,  as  we  viewed  one  or 
the  other  end  of  it,  bepeferred  to  different  rocks;  while  in  some  places 
granite  was  seen  perfectly  well  characterized;  in  othersa  gneiss,  mica- 
slate,  greisen  (quartz  and  mica),  compat;tfeIdspar(Weisstein  of  Werner), 
syenite,  greenstone,  and  the  syenite  with  addition  of  quartz,  forming  the 
amphibolic  granite  of  D'Aubuisson,  were  equally  well  characterized. 
The  only  rock  composed  of  these  principles  which  we  did  not  observe, 
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bnt  vhich  may  perhaps  exist  there,  ia  the  graphic  granite  (pegmatite, 
Hauy)."    (P.  38fi.) 

Keating  also  adraacea  the  aaggestioD  that  the  Ooteaa  des  Prairies, 
as  the  dividiiig  ridge  between  the  waters  of  the  Missisaippi  and  those 
of  the  Missonri,  "ia  donbUess  the  grand  dike  which  has  obatnicted  the 
latter  in  its  progress  eastward  and  caused  it  to  flow  soathwardly 
tbrongh  a  distance  of  many  hundred  miles,  before  it  could  again 
resnme  a  direct  course  to  the  former."     (Vol.  II,  p.  220.) 

3.  Bbltraui  (Q.  C),  esq.,  formerly  Jndge  of  a  Tojal  oonrt  in  the  ez-kiDgdom  of 

Italy.  A.  pUgrlmage  la  Europe  aod  America,  letMling  to  the  dlsooTery  of  the 
sonioea  of  the  HiesiMippl  ftnd  Bloody  lirer,  with  &  deeorlption  of  the  irhole 
oonne  of  the  former  and  of  the  Ohio.  Printed  for  Hnnt  uid  Clark.  Loudon, 
1838.    3to1b. 

Beltrami  several  times  alludes  to  the  roohB  of  the  Minnesota  Biyer 
Valley.  Those  at  the  Iledwood  Biver  he  speaks  of  as  granite  of  a 
beautiful  and  varied  quality.  It  is  not  necessary  to  make  here  any 
quotation  from  Beltrami's  work, 

4.  Fkathbbbtomhauoh  (G.  W.),  U.  S.  geologist.    Beport  of  a  geological  reeon- 

noiBsonoe  made  in  1835,  from  the  seat  of  goTernment,by  the  way  of  Green  B»y 
and  the  Wiaconsin  Territory  to  the  Coteaa  de  Prairie.  Doenment  333. 
Printed  by  order  of  the  Senate.    Waahington,  1836. 

Featherstonhangh  mentions  gneiss  at  the  Grand  Portage  (Granite 
Falls),  east  of  Lac  qui  Parle,  as  dipping  southeast,  with  an  almost  ver- 
tical inclination  (introduction;.  He  fiirther  says  concerning  this  rock 
that  it  has  "little  or  no  mica**  (p.  28),  and  that  it  "reAemblea  granite  in 
every  particular  except  its  stratification  '^  (p.  149).  Granite,  he  says, 
was  of  f^^uent  occorrence,  and  was  the  only  rock  seen  i  u  places  beyond 
the  month  of  the  Wartyn  (Cottonwood)  Biver  toward  the  northwest, 
the  last  seen  described  as  consisting  of  "  immense  masses  of  granite  in 
place,  Isolated  firom  each  other,  and  occapying  several  hundred  acres. 
Some  of  these  masses  are  25  feet  high ;  they  extend  6  or  8  miles  down 
the  valley  and  give  its  name  of  Eatatenka  or  Great  Bocka  to  the  lake 
fBigstone  Lake]."    (P.  157.) 

In  a  later  publication'  the  same  author  mentions  many  localities 
between  Bedstone  (Oourtland)  and  Bigstoue  Lake,  where  granites  occur, 
and  many  details  concemiug  them  are  given. 

5.  NicoiXET  (J,  N.).     Beport  intended  to  illustrate  a  map  of  the  hydrographioal 

basin  of  the  Upper  MissiBstppl  Kiver.  Senate  Doo.  237,  2d  mm.,  26th  Con- 
grass,  Febmory  16,  IS41. 

The  valley  of  the  Minnesota  Biver,  together  with  other  tributaries 
of  the  Miasiasippi,  ia  mapped.  The  general  trend  of  the  Minnesota 
BivOT  and  the  situation  of  its  branches  are  portrayed  with  remarkable 
accuracy,  considering  the  fact  that  there  were  no  primary  surveys  at 
that  time  to  give  gaidance  to  the  work. 


■  See  No.  t,  foUowing  page.  Vol.  I,  Chsplen  XXTIU  lo  XXXV. 
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GNEISSES,  GABBED- SCHISTS,  ETC.,  OP  8W.  MINNESOTA.  (bcu.16T. 
«  Toykge  up  the  Minnay  Sotor.    London, 

The  geological  observations  of  Featberstoohangh  In  this  expedition 
have  already  been  referred  to.  He  sav  maay  bowlders  of  the  primi- 
tive rocks,  from  esoarpmeats  of  vertical  granite  and  ragged  granite 
hills  "reaembling  parts  of  Dartmoor."  (Vol.  I,  p.  3'J5.)  Elsewhere  he 
saw  "immense  mosses  of  granite  all  qnasi-stratifled,  in  laminte  about 
an  inch  broad."    (Ibid.,  p.  33.3.) 

7.  Allbn  (Lieut.  J.).  Map  Mid  Jooroal  of,  in  oharge  of  eaoort  acoompanying 
Sohooloraft'a  expeditioa  to  the  Boarces  of  the  Miuiuippi.  American  state 
papers,  doonmeata,  legislative  and  exeentive,  of  the  Congreas  of  the  United 
States  fWim  the  first  session  of  the  Twenty-fonrth  Coiigreas  inolusive,  VoL  T., 
Military  Affaire,  pp.  312-341. 

Lientenant  Allen,  ia  this  rather  detailed  report,  pobliahed  a  map  of 
the  region  now  embraced  in  sonthwestern  Minnesota,  which  was  com- 
piled with  great  care  irom  the  information  then  at  hand.  The  chains 
of  hills  and  monntains  as  located  on  the  map  show  the  explorers' 
and  aathor's  views  of  the  sitaatioQ  and  trend  of  the  geological  forma- 
tions, which  have  had  so  marked  an  effect  on  the  topography  of  the 
region. 

S.  Owen  (David  Dale),  U.  S.  geologist.  Beport  of  a  jceologlcal  eorvey  of  Wiscon- 
sin, Iowa,  and  Minnesota;  and  incidentally  of  a  portion  of  Nebraska  Ter- 
ritory.   Philadelphia,  1S62. 

With  the  advent  of  Owen  into  the  Northwest  we  enter  the  time  of 
more  active  and  systematic  research.  This  geologist,  with  his  chief 
assistant,  Br.  Norwood,  and  such  aids  as  Shumard  and  Whittlesey, 
came  for  the  distinct  purpose  of  throwing  light  on  the  geological 
character  of  the  territory  comprised  within  the  field  of  operations,  and 
of  presenting  sach  practical  results  as  might  be  drawn  therefrom  by 
Government  officers  and  prospective  settlers. 

Shumard  began  an  examinatioii  of  the  St.  Peter  (Minnesota)  Biver, 
but  an  attack  of  pleurisy  at  the  Bedwood  Biver  put  a  stop  to  his 
further  progress.  He  located  the  boundary  between  the  quartzite  con- 
glomerate and  the  granitic  rocks  of  the  valley  nearly  opposite  New 
TJIm.  "About  1  mile  in  a  straight  line  above  the  mouth  of  the  Wan^u, 
and  3  miles  by  the  course  of  the  river,  we  found  some  outliers  of  coarse 
conglomerate  and  granite  a  short  distance  from  the  bank  of  the  stream. 
The  conglomerate  is  composed  mainly  of  quartz  pebbles  and  bowlders, 
some  of  the  latt^  10  inches  in  diameter;  the  whole  cemented  with  a 
siliceous  material.  .  .  .  The  course  of  the  exposure  is  nearly  east 
and  west,  with  a  dip  toward  the  south  of  20'^,  .  .  .  The  granite  is 
100  yards  removed  from  the  conglomerate.  .  .  .  Flesh-colored  feld- 
spar forms  nearly  two-thirds  of  the  granite."    (P.  491.) 
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9.  Whbelock  (J.  A.),  commiasiooer  of  statistic*.     HinneBota;  ita  place  Biiiorig  the 

States.  First  annual  report  of  the  oommlssioner  of  statiBtics  for  the  year 
endiDg  Jannarr  1,  I860.     Published  by  anthorltr  of  law.     Hartford,  1860. 

Toaohing  aoatheastern  AfioDesota,  Wheelock  says:  "  From  ttae  head 
of  Lake  Superior  a  narrow  graoitio  spar  of  this  primary  rock,  divested 
of  the  TolcaDJo  debris  in  which  the  mineral  wealth  of  Lake  Superior  is 
embedded,  stretches  sonthwesterly  under  the  drift,  beyond  the  bound- 
ary of  the  State,  revealed  only  when  it  crosses  the  MiBsissippi  at  Sank 
Rapids,  the  Minnesota  between  the  Cottonwood  and  the  Redwood,  and 
the  Btg  Sioux  at  Sioaz  Falls.  This  granitio  seam  intervening  in  the 
sandstone  has  a  breadth  upon  the  streams  which  it  crosses  of  from  40 
to  50  mUes"  (p.  53}. 

10.  Akdkrsok  (Charles  S.)  and  Clahk  <ThomM).    Report  on  geology  and  plan  for  a 

geological  survey  of  the  State  of  Hinneaota.  Made  in  accordance  vith  a  oon- 
auTTsnt  resolution  passed  by  the  second  legislature  of  Minnesota,  March  10, 
1860. 

This  report  of  Anderson  and  Clark  merely  alludes  to  "an  extensive 
range  of  the  primitive  system  of  rocka"  .  .  .  which  "appear  on 
the  Minnesot;*  River  about  the  mouth  of  the  Bedwood  River.  Although 
sometimes  termed  a  mountain  by  geologists,  the  highest  elevation  of 
these  ranges  does  not  exceed  2,000  feet  above  tide  water."  The  breadth 
of  this  granitic  region  is  out  of  proportion  to  Its  elevations-considering 
it  a  mountain — being  aboat  60  or  70  miles.  .  .  .  Here  are  also  foand 
nearly  all  varieties  of  the  granitic  and  metamorphio  rocks  (p.  5  et 
eeq.). 

This  report  is  of  historic  interest  in  that  it  marks  the  beginning  of 
geological  surveys  by  the  State  of  Minnesota. 

11.  Hall  (James).     Notee  npon  the  geology  of  soma  portions  of   Minnesota,  etc. 

Transactions  of  Fbilosophicat  Society,  Vol.  XIII,  N.  S.,  Philadelphia,  1869. 

Professor  Hall,  in  speaking  of  an  area  about  Conrtland,  says:  "Then 
rises  to  the  surface  a  reddish-brown  crystalline  rock  having  a  granitoid 
aspect,  but  when  critically  examined  is  found  to  consist  mainly  of 
quartz  and  feldspar  without  the  perceptible  admixture  of  other  min- 
erals. .  .  .  We  have,  therefore,  an  almost  continuous  exposare  of 
the  strata  for  more  than  100  feet  iu  thickness.  There  is  a  distinct  dip 
to  the  northeast."  (P.  330.)  Further  on  he  adds:  "I  conceive  it  to  be 
snfflcleDtly  demonstrated  that  the  qnartzites  at  Bedstone  Ferry  [Court- 
land]  on  the  Minnesota  River — those  near  the  soorces  of  the  Little 
Cottonwood,  -  .  .  .  together  with  those  of  the  escarpments  of  Pipe- 
stone, .  .  .  are  of  the  same  age.  These  qnartzites  I  regard  as  of 
the  age  of  the  Huronian  formation  of  Canada  and  the  qoartzitos  of 
Wieconain."  (P.  338.)  Turning  now  to  the  older  rocks,  Professor  Hall 
says  that  around  Redwood  Falls  they  are  gneissoid,  and  "in  many 
places  these  rocks  are  intercalated  by  steatitic  or  glanconitic  be<ls,  and 
the  entire  mass  is  iu  a  state  of  decomposition  to  the  depth  of  80  or  100 
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feet    It  Toold  be  of  mach  iDterest,"  he  contiQaes,  "  to  ascertain  the 
relatjon  which  the  dip  and  direction  of  these  older  gneissoid  rocks  bear 
to  the  BQCceeding  qoartzites,  which  evidently  belong  to  the  Haronian 
system  "  (p.  336).     (See  flg.  3.) 
12.  CiUMBKKUEf  (T.  C.)  and  BMistkato.     Qeology  of  Wlsoonsin,  siirTey  of  1ST3-1ST9. 

Bj  tbe  oommiMicmera  of  pablio  printioK.  MadiBon.     4  vola.     Vol.  II,  18T7i 

Vol.ni,1880;  VoLIV,1883;  Vol.1, 1883. 

la  the  diacassion  of  the  "qaartzites  of  Barron  and  Chippewa  codd- 
ties,  compiled  firom  the  notes  of  Messrs.  Strong,  Sweet,  Brothertoa,  and 
GhamberliD,"  reference  is  made  to  the  qaartzites  near  Ifew  Ulm,  Min- 
nesota, and  to  the  Sionx  qaartzites  of  Iowa.  The  eqoivalence  of  the 
quartzites  of  Barron  and  Chippewa  connties  to  the  Sionx  and  New  Ulm 
qaartzites  is  to  be  inferred  by  tbe  reader.  These  soathwesterly  expo- 
sares,  like  those  ia  Wiaconsin,  are  regarded  as  outcropping  marginal 
portions  of  a  qnartzite  belt  extending,  with  some  possible  intermp- 
tions,  throngh  three  or  four  States.  Tbe  lithological  characters  of  the 
qaartzites  of  the  several  areas  enumerated  and  their  relaticnship  to  the 
Laarentiaa  aad  the  Paleozoic  formations  sanction  their  reference  to 
the  Horonian  age.    (Vol.  IV,  pp.  576-581.) 


FiO.  B — 3«atlan  from  Coortluid  to  PIpMtooe.  Mlnneaatk  (AAar  Jmbss  Hall.) 
a.  QnartiltM  eut  of  Uie  HlnneMU,  at  RBditona  Ferr;,  dipping  eutward,  b.  The  outerap  ot 
qiuirWU*  near  the  aonrce  ot  the  LltUe  Cottonvood  dipping  to  the  weatward.  c.  The  ouUropot 
qnartiltea  at  the  Plpeahme  locality,  dipping  to  the  eaatirard.  d.  The  Interval  between  a  and  b.  BMit 
bj  an  eroded  anticline  which  la  now  occnpted  bj  Crolareaiu  and  more  recent  rormatiou  alont:  Oiii 
line.  (Aneaet-wBiteacUontOiDUea  north  ofthli  polntahovg  thecoutloaltyof  theCretaoMnufona 
ation  intermpted  by  nnmeroaa  pronilnBncei  of  Laorontlan  gnelM.)  i.  The  lower  oonntryweat  of  the 
Flpeatana  hnallty  oooapled  by  modem  farmatlona  similar  to  d.  S.  UinnenU  River.  B'.  Bioii 
River.     The  apace  between  the  tiro  upper  Ilnea  la  Intended  to  repreaent  prairie  formation.    /.  The 


13.  WlNCHBLL  (N.  H.).     Hiatory  of  the  Mlnne«ot»  Valley.     HinneapolU,  1882. 

Chapter  XXIX  is  devoted  to  the  geology  of  the  Minnesota  Valley. 
This  chapter  is  practically  aQ  epitome  of  Professor  Winchell's  observa- 
tions in  tbe  Minnesota  Valley  in  1873,  pablished  in  detail  in  the  annual 
report  of  the  Geological  and  Natural  Hiatory  Survey  of  Minnesota  for 
that  year.    This  report  will  be  referred  to  in  another  place. 

14.  WiKCHBLL  (N.  H.)  and  Uphau  (Warren).     The  geology  of  Minneeota.     Uinue- 

apolis.  Vol,  I,  1884,  and  Vol.  II,  1888.     Vols.  I  aod  II  of  the  final  report. 

Mr.  Upham's  descriptions  and  field  notes  of  the  geology  of  the  Min- 
nesota Eiver  Valley  are  numerous  and  valuable.  Special  reference  is 
here  made  only  to  the  following  topics  and  pages :  Decomposed  gneiss 
and  granite  (of  Brown  and  Bedwood  counties)  (p.  ^70),  Potsdam 
qnartzite  (p.  572),  the  Eozoic  rocks  of  Yellow  Medicine  County  (p.  596), 
granite  and  gneiss  of  Lac  qui  Parle  and  Bigstone  coanties  (p.  617),  all 
in  Vol.  I;  Arcbean  rocks  of  Renville  County  (p.  194),  Archean  rocks  of 
Chippewa  County  (p.  210),  in  Vol.  11. 
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Farther  citations  from  Mr.  Upham's  writings  will  be  made  where  the 
particular  topics  he  writes  upon  are  discassed.  ' 

SERIAL  PUBLICATIONS. 


Id  au  extremely  interesting  description  of  the  Minnesota  Valley 
daring  the  Ice  age,  Warren  ITpham  maintains  (Vol.  XXXII,  1883,  p.  216) 
the  uicient  crystalline  character  of  the  acderlying  rocks  of  the  Hinne- 
sota  River  Valley  in  these  words:  "In  the  100  miles  from  Bigstone 
Lake  to  Fort  Bidgely  the  strata  are  metamorphio  gnetssea  and  granites, 
which  often  fill  the  entire  valley,  1  to  2  miles  wide,  rising  in  a  profusion 
of  knobs  and  hills  50  to  100  feet  above  the  river," 

la  1884,  at  the  Philadelphia  meeting,  K,  H,  Wioohell  delivered  the 
vice-presidential  address  in  Section  E  on  The  Crystalline  Rocks  of  the 
Northwest.  In  the  gronping  and  correlation  of  these  rocks  the  author 
says  that  "the  ontcrop  of  red  granite  near  Hew  TTlrn,  lying  aoder  the 
conglomerate  and  red  qnartzite,  is  probably  the  sontbwestward  exten- 
sion of  'the  gabbro  and  red  syenite  at  Dalnth.' "  These  he  calls  the 
first  groap,  i.  e.,  the  oppermoat  series  of  the  crystalline  rocks  of  the 
Northwest.  (Vol. XXXllI, p. 364.)  HeAirther  adds:  "Thisgroopis 
represented  by  No.  XX  southwest  of  Lake  Michigamme  [in  the  upper 
peninsnla  of  Michigan],  by  No.  XX  at  Menominee  [in  Michigan  and 
Wisconsin],  and  by  Nos.  1  and  1«  at  Black  Biver  [in  Wisconsin]." 
16.  Reports  of  the  Chief  of  Engioeera,  U.  S.  Army,  WashlogtoD,  aince  1866. 

In  the  records  of  the  work  of  the  Corps  of  Engineers,  United  States 
Army,  between  1867  and  1879,  many  facts  of  geological  interest  are  stated 
and  discussed.  No  engineerof  the  Army  stationed  of  late  yews  in  the 
Northwest  has  taken  a  deeper  interest  in  geologic  and  physiographic 
stndies  than  Oeu.  O.  E.  Warren,  after  whom,  "  in  honor  and  in  memo- 
riam,"  the  River  Warren  has  been  named.'  No  one  can  &il  to  find 
profit  in  studying,  from  a  geological  standpoint,  what  General  Warren 
has  set  forth  regarding  the  physical  features  of  the  Mississippi  and 
Minnesota  river  valleys  and  the  history  of  their  formation. 

In  his  report  for  1868  Qeneral  Warren  discussed  the  extensive  ero- 
sion which  the  Upper  Mississippi  Valley  has  nndergone,  the  evidences 
which  this  valley  presents  of  a  former  elevation  of  the  central  part  of 
the  North  American  continent,  and  the  almost  entire  lack  of  abrasion 
which  the  granite  bed  of  the  Minnesota  Biver  reveals  in  the  upper 
part  of  its  course  (pp.  305-314).  In  1873  a  report  was  made  of  an  "  ex- 
amination and  snrvey  of  the  Minnesota  River  above  the  mouth  of  the 
Yellow  Medicine."  The  average  fall  of  the  stream,  the  character  of 
the  bluffs  bordering  it,  and  the  location  and  extent  of  the  lakes  found 
along  its  course  are  given.    The  granite  which  oconrs  at  the  foot  of 
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BigBtooe  Lake  is  desigaated  feldsp&thic  (pp.  438,  439).  In  187&-76 
a  very  detaUed  report  on  the  MisBiBBippi  River  was  pablished  (Vol.  11, 
Part  L,  pp.  381-451),  coutaining  "An  essay  coDcerning  important  phys- 
ical features  exliibit«d  in  the  valley  .  .  .  aud  npon  their  signiflcation." 
This  valaable  paper  is  illastrated  by  several  maps  aud  charts. 

In  1S78  the  mature  results  of  General  Warren's  labors  appeared  in 
the  report  on  bridging  the  UieaisBippl  Biver,  containiug  several  maps 
and  diagrams.  These  resalts  bear  on  the  glacial  origin  of  the  Minnesota 
Valley,  the  existence  of  a  glacial  river,  sabseqaently  named  Biver 
Warren  by  Warren  (7pham,and  the  occurrence  of  silted  lakes  between 
Ortonville  and  Ooortland.  They  will  be  frequently  referred  to  in  sub- 
seqaent  pages. 

17.  The  HionesotK  Teacher,  St.  Paul,  1867-1876. 

W.  D.  Hurlbnrt,  a  gentleman  who  has  observed  the  geology  of  the 
State  as  his  business  carried  him  to  various  places,  stated  in  this  pub- 
iicatioD  (Vol.  IV,  1871),  that  "a  band  of  granitic  rocks  forms  the  bed 
of  the  river  [at  Bedwood  FalU]  similar  to  the  exposures  at  Sauk 
Bapids  and  above  [on  the  Mississippi  Biverj,  and  these  indicate  at 
once  the  shore  line  of  the  Azoic  coutineut  and  the  northern  border  of 
nearly  all  the  sedimentary  rocks  in  place  in  Minnesota"  (p.  6). 

18.  Tbe  American  Naturalist,  Salem,  Plidadelphia,  and  New  York,  since  1867. 

In  Vol.  II,  1868,  an  article  by  Gen.  G.  K.  Warren,  entitled,  Certain 
FhyBical  Features  of  the  Upper  Mississippi  Biver,  is  discussed.  The 
great  excavation  of  the  Minnesota  Biver  above  Fort  Snelliug  is  cited, 
and  the  fact  is  stated  that  the  bed  of  this  river  "for  110  miles  below 
Bigstone  Lake  is  partially  granitic"  (p.  497). 

Emphasis  is  laid  on  tbe  proposition  that  "the  waters  issuing  from  a 
lake  have  little  abrading  power,  for  they  have  comparatively  little 
rubbing  material  to  operate  with.'  Thus  it  was  that  the  waters  issning 
at  the  old  southern  outlet  of  Lake  Wimiipeg  (Lake  Agassiz  of  Warren 
Upham)  could  make  no  impression  on  the  granitic  bed  of  the  Minnesota. 
Had  the  granite  been  soft;,  like  the  Silurian  rocks  tower  down  in  its 
course  or  like  the  Tertiary  and  Oretaceoua  rocks  through  which  the 
Missouri  has  cut  its  way,  then  this  part  of  the  valley  would  have  been 
worn  away  in  the  same  manner,  and  we  should  have  the  drainage  of  all 
the  Winnipeg  Baaiu  still  to  the  southward.  A  cut  of  400  feet  at  Big- 
stone  Lake  would  have  drained  it,  and  the  banks  woold  then  not  have 
been  as  high  as  those  of  the  Missonri  at  the  Byou  Hills,  which  are  800 
feet  above  the  water  of  the  river"  (p.  600). 

ID.  The  Oeologioal  and  Natnral  History  Snrrey  of  MinDeeota,  Annual  Reporta,  Min- 
neapoUi,  since  1873. 

Under  this  survey  (still  in  progress)  N.  H.  Wtnchell,  State  geologist, 
inspected  the  valley  in  1873.    The  granites  were  held  to  be  of  a  pre- 

■  Compan  Gftolag;  of  tbe  Henry  UenoUtni.  b;  G.  K.  QlllHrt,  Wuhlogtnn,  lago,  pingniph  od 
Corrnl(m,p.l(H. 
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vailiniT  reddisb  color.  That  they  are  "schistose  granites"  is  empha- 
sized. The  granite  at  La  Framboise's  place,  described  as  a  <'type,"  is 
made  up  of  the  "ternary  granite  compoand."  The  tendeocy  to  decom- 
pose into  an  impare  kaolin,  seen  at  Birch  Oooley  and  Bedwood  Falls, 
is  also  mentioned.  Since  this  material,  provimonally  called  kaolin, 
prevails  in  the  Oretaceons  areas  and  is  always  present,  so  for  as  knovn, 
wherever  the  Oretaceons  deposits  have  preserved  it  from  disrnption  by 
the  ice  erosion  of  the  Glacial  pmod,  its  origin  may  be  attributed  to  the 
action  of  the  Oretaceons  ocean.    (Report  for  1873,  p.  163.) 

20.  Tfao  Miiiii««otk  Aoademf  of  Natural  ScieucM,  Bulletins,  MianeapoliB,  ijiioa  1873. 
In  Vol.  Ill,  Bulletin  ^o.  1,  Warren  Upham  has  described  (p.  Ifil)  a 

set  of  "maps  showing  the  climate,  geography  and  geology  of  Minne- 
sota." In  outlining  the  distribution  of  rocks  throughout  the  State  he 
says  that  the  rocks  of  south  western  Minnesota  are  "mainly  red  qaartz- 
ites  exposed  near  New  Ulm  and  thence  westward  to  Pipestone  and 
and  Bock  ooonties  in  the  aonthwest  comer  of  the  State."  The  Aioh- 
ean  system  reaches  from  "  the  interuational  boundary  from  the  Lake 
of  the  Woods  east  to  Lake  Superior  and  extending  thence  southwest 
to  the  Minnesota  River  between  Bigstone  Lake  and  Kew  Ulm,  bat 
terminating  20  or  30  miles  southwest  of  this  river"  (p.  154). 

21.  BnlletliiB  United  States  Geologicul  Bnrvey  Binoe  1S83. 

In  Bulletin  No.  8,  on  Secondary  Enlargements  of  Mineral  Fragments 
JB  Oertain  Bocks,  B.  D.  Irving  and  0.  B.  Yan  Hise  have  discussed  seo- 
ondary  enlargements  of  mineral  fragments  in  certain  vitreous  qnartz- 
ites  (and  sandstones]  in  the  qaartzite  formation  of  southern  Minnesota. 

The  similarity  in  character  of  these  quartzites  to  the  Hnrooiui 
qnartzites  of  the  Baraboo  district  of  Wisconsin,  and  to  much  of  the 
qnartzito  of  the  Hnronian  of  Lake  Huron  is  pointed  out  "At  Bed- 
stone [Oonrtland]  the  transitions  from  argillaceous,  reddish  sandstone 
to  completely  vitrified,  briok-red  to  purple  qnartzite,  and  from  these 
again  to  completely  loose  sandstones,  are  frequent  and  abmpt."  The 
foct  is  also  emphasized  that  "over  considerable  areas  the  appearance 
is  as  if  the  rock  at  the  higher  levels  had  been  vitrified  by  exposure," 
(P.  34.)  Yet  the  appearance  of  the  qnartzite  in  the  railway  cuttings 
and  elsewhere  suggests  the  possibility  that  this  vitrification  may  be 
due  to  the  descent  and  spreading  of  a  silica-bearing  solution  (p.  34). 

22.  The  Geological  and  Natural  History  Surrey  of  Hinneaota,  Bolletius,  Minneap- 

olis, since  1887. 

23.  The  Ameriean  Geologist,  HinneapoUa,  sinee  1888. 
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CHAPTER  III. 

OEOGRAPHICAIi  DIBTBIBUTION^  ANT>  GIINTlItAX  CHAR- 
ACTERS OF  THX  ROCKS  OF  THE  MINTTESOTA  RITER 
VAUjET. 

Before  proceeding  to  a  detailed  description  of  the  (nrystalline  rocks 
Qiider  discussion,  a  r^snm^  of  their  geographical  position  will  be  given, 
and  the  general  characters  of  these  rocks,  more  especially  with  refer- 
ence to  their  stmctural  relations  and  pecnliarities  of  texture,  will  be 
ontlined. 

In  passing  np  the  Minnesota  Biver  from  its  month  at  Fort  Snelling 
to  Sonth  Bend  a  southwesterly  coarse  is  followed,  the  river  flowing  in 
a  northeasterly  direction.  The  river  mna  throngh  a  tronghlike  valley, 
who»e  walls,  partly  of  Cambrian  dolomite  and  sandetone  and  partly  of 
glacial  d6briB,  reach  a  height  of  200  to  260  feet.  These  walls  are  fhim 
1  to  4  miles  apart'  At  Soath  Bend  a  right  angle  is  tnnied,  to  which 
the  river  comes  down  flrom  the  northwest.  2fear  this  point  the  volnme 
of  the  stxeam  is  enlarged  by  the  addition  of  streams  of  some  size  flow- 
ing in  fh>m  the  aonth.  Along  the  banks  of  one  of  these  streams,  the 
Lesaenr,  the  explorer  of  that  name  fonnd  deposits  of  copper  ore,  fix>m 
which  qnantities  were  sent  to  France  for  assay  in  the  year  1700.  Oon- 
tinoing'  np  the  river,  it  is  not  nntil  T.  109  S.,  B.  30  W.  is  entered  that 
any  crystalline  rocks  are  fonnd.  This  area  of  crystalline  rock  is  called 
the  Oonrtland  district,  from  the  township  of  that  name.* 

COURTI.AND    DISTRICT. 
QUA&TZITE  EXPOSITKES. 

The  pre-Cambrian  rocks  first  fonnd  in  passing  np  the  Minnesota 
Biver  Valley  are  red  qnartzites  (see  PI.  II)  with  associated  qaartzite 
conglomerates  and  sandstones.  These  exposures  have  been  visited  by 
nearly  all  the  geologists  and  explorers  who  have  traversed  the  Min- 
nesota Biver  Valley.  The  rocks  are  not  continnonsly  bare  from  the 
river  to  the  sammits,  but  lie  exposed  in  a  series  of  terraces.  In  a 
rough  way  these  terraces  show  different  phases  of  rock  stmoture  and 
texture.  Probably  60  feet  represents  the  greatest  thickness  of  strata 
shown  at  any  one  place.  So  far  as  has  been  seen,  the  outcrops  lie 
wholly  on  the  north  side  of  the  MinnesotA  River.    The  Cottonwood 

■  Tha  MlDDHota  VallBT  Id  Ilw  loa  ■)[>,  b;  WtrTM  Upbui :  Preo.  Am.  Ahoo.  AdT.  Soi.,  1BS3,  p.  ill, 

■Repartliit*iidedto1lliutisMaii»pDftb*b]>dragnpfalc*l  huin  oftbcTTppsrHiMlHlpid  Rlrar.by 

J.K.NlMlleti  daud  rtbnurr  IB,  IBU :  Tvga^-alith  Coograw.  Hoond  uuiou,  Bgn»to  Dm.  3n,  p.  18. 
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River  enters  the  Minoeaota  directly  south  of  the  locality.  With  its 
power  for  erosion  this  stream  would  have  laid  bare  any  higb  masses 
of  qaartzite  lying  between  the  elevated  bluffs  that  bound  it  on  eithw 
side. 

Expoanrea  near  Redstone, — The  exposure  southeast  of  Bedstone,  in 
sees.  1  and  2,  T.  109  K.,  R.  30  W.,  and  seos.  36  and  3d,  T.  110  N.,  B.  30 
W.,  is  an  extensive  ona  Here  many  steps  can  be  seen  in  the  transi- 
tion fh>m  a  loose,  argillaoeoas  and  shaly  sandstone  to  a  vitreous  qnartz- 
ite ;  and  again,  from  a  vitreons  qnartzite  of  fine  and  uniform  textare  to 
a  coarse  qnartzite  conglomerate.  The  sandstones  occupy  the  lower 
beds  of  the  exposures,  and  the  vttreone  qnartzite  and  qnartzite  con- 
glomerates the  higher  beds.  Yet  there  are  no  sharp  divisions,  many 
alternations  of  sandstone  and  qnart-zite  layers  ocourring.  The  railroad 
cats  which  penetrate  these  rocks  30  feet  or  more  show  that  the  qnartz- 
ite is  interbedded  with  the  sandstone,  and  that  the  indoration  is  not 
wholly  a  surface  phenomenon.'  There  is  a  gradual  ascent  of  the  sur- 
face in  passing  away  from  the  river,  varying  from  1  to  2S  degrees,  and 
many  depressions  bear  evidence  of  unequal  erosion,  due  to  the  nneqnal 
hardness  of  the  rock,  resulting  In  the  terraces  mentioned. 

The  highest  pi>rtions  of  these  exposnies  mast  be  at  least  175  feet 
above  the  Minnesota  Biver.  The  erosion  of  the  apper  50  feet  is  unques- 
tionably due  partly  to  glacial  action,  as  grooves  and  striae,  still  sharp 
and  clear,  show  the  direction  of  the  ice  currents,  which,  for  this  locality, 
was  S.  33°  E.  Bat  at  places  up  to  125  feet  at>oTe  the  point  at  which 
the  lowermost  shaly  sandstone  layers  pass  nnder  the  river,  potholes 
and  narrow  tortuous  grooves  are  namerons.  This  pecnliar  surface  is 
clearly  the  result  of  the  wear  of  mnning  water  rather  than  of  moving 
ice;  so  the  conclusion  mnst  be  that  the  river's  bed  was  once  high  np  in 
this  exposure,  and  that  a  large,  muddy  stream,  with  a  rapid  current, 
cut  the  gorges,  gouged  out  the  softer  layers,  wore  the  potholes,  and 
chiseled  into  great  inegnlarity  the  whole  surface  of  the  harder 
qnartzite. 

It  is  implied,  in  the  statement  of  these  erosive  phenomena,  that  the 
wear  of  the  rocks  fh)m  the  terrace  125  feet  above  the  river  down  to 
the  present  water  level  has  occurred  since  the  Glacial  period  closed 
for  this  locality.  That  it  has  been  accomplished  since  Oretaceous 
time  is  evident  from  the  erosion  of  Oretaceous  rocks  in  the  neigh- 
borhood and  within  this  same  river  gorge.  The  height  mentioned, 
viz,  125  feet,  certainly  suggests  the  upper  limit  of  erosion  by  water 
alone,  and  thus  of  post-Glacial  work.  The  rocks  are  too  hard  to  admit 
of  rapid  erosion,*    The  more  complete  preservation  of  the  marks  of 

■  On  asooDdaiy  •nUrganent*  of  ntncnl  fragments  In  cartaln  rooks,  b;  K,  D.  Indsg  and  C.  R.  Tan 
HlMi  BdU.  U.  S.  OhI.  Sunej  ITo.  i,  1884,  p.  84. 

■CocDpanXheiMaHloDorthe  Falli  of  St.  Antlianj,  bjS.S.  WlDohell:  OsdI.  KbL  B1*L  9umr 
HbuMMtft,  Vol.  U,  1188,  ppL  SU-34t ;  The  pUos  of  Niagna  Fallt  Id  gsoloBla  hUtsr;,  b;  O.  E.  GUbwt: 
PiBo.  Am.  AHoa  AdT.  SoL,  IBSa,  p.2a;  Han  aud  Un  Olaoial  Period,  b;  G.  F.  Wrigbt,  1810,  pp.  8(1, 
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water  wear  on  the  lower  terraces  may  be  dae  to  the  protection  against 
glaciatioD  afforded  by  the  Bhelviag  rock  sarfacee  which  coDfronted  the 
river  gorge  while  the  ice  masses  were  pushed  over  them;  yet  the 
stronger  probability  is  that  thia  condition  marks  the  stage  of  erosion 
when  the  final  ioe  retreat  passed  this  point.  A  recent  stady  of  the 
Dalles  of  the  St.  Croix  by  Berkey  shows  that  a  poat-Olaciul  work  has 
been  accomplished  by  the  St.  Croix  Kiver '  even  greater  than  that  at 
Oonrtland,  both  in  its  extent  and  in  its  significance  as  a  lueasaring 
rod  to  apply  to  post-OIacial  time. 

In  general  the  strike  of  the  qnartzites  is  N.  60°  to  70°  W.,  and  their 
dip  varies  from  ti°  to  27°  N.  These  flgarea  are  tbe  average  of  a  large 
nambei  of  observations  in  different  portions  of  the  area.  There  is 
considerable  variation  both  in  strike  and  in  dip,  even  within  restricted 
areas.  The  dip  is  more  marked  in  the  lower  beds — those  near  tbe  edge 
of  tbe  river — than  in  tbe  uppermost  beds  now  visible. 

All  the  rocks  have  very  high  silica  content.  Often,  indeed,  they 
seem  to  be  wholly  silica,  except  for  a  small  qnantity  of  ferric  oxide 
and  calclom  phosphate  in  tbe  cement,  solidifying  the  grains  of  clear 
quartz  sand  into  a  nougrannlar  rock.  Noting  that  Prof.  James  A. 
Dodge  found  distinct  traces  of  calcium  phosphate  in  the  supposed  new 
fossil,  Lingula  calumet,  discovered '  by  Wincbell  in  1885  in  tbe  cat- 
linite  interbedded  with  tbe  red  qaartzite  of  Pipestone,  Minnesota,  a 
rock  universally  conceded  to  belong  to  the  same  horizon  as  this 
qnartzite  at  Courtland,  Mr.  E.  J.  fiabcock,  now  of  the  University  of 
North  Dakota,  made  teste  for  calcium  phosphate  in  tbe  Courtland 
qnartzites.  Five  samples,  showing  no  traces  whatever  of  fossils,  vere 
taken  from  as  many  different  parts  of  these  rocks,  representing  tbe 
shale,  the  sandstone,  tbe  indnrated  qnartzite,  and  the  conglomerate  of 
these  beds,  and  qaalitative  analysis  in  all  cases  showed  distinct  traces 
of  calcium  phosphate.  Some  of  them,  and  notably  a  sample  of  the 
conglomerate  from  near  tbe  top  of  the  hill — that  is,  from  the  upper- 
most layers  of  qaartzite  exposed — yielded  a  very  appreciable  amount. 

Microscopically,  also,  the  qnartzites  show  considerable  diversity. 
Tbe  fine  vitreous  qaartzite,  as  stated  by  Irving  and  Van  Hise,'  shows 
tbe  original  fragmental  grains  coated  with  a  film  of  oxide  of  iron  and 
then  enlarged,  the  cementing  material  becoming  a  constituent  part  of 
the  reconstracted  angular  grains.  In  other  places  the  indurating 
material  is  deposited  independently  as  cryptocrystallme,  partially 
cbalcedonic  quartz,  with  no  regular  orientation.  There  are  still  other 
places  in  which  there  seems  to  have  been  a  cutting  down  of  tbe  orig- 
inal grains  and  the  formation  of  a  cryptocrystaltine  gronndmass 
inclosing  scattered  and  corroded  grains  of  quartz.  These  latter 
places  appear  to  be  confined  to  tbe  surface  portions  of  the  exposnre 

■a«olaK;aftbeSt.CnitTDillM,  brCturlMPBerkey:  AnOeologltt.  Vol.XX.Oeo.lMT,p.Mg. 

■Notice  of  the  dlMsoTn?  of  LlnforsuHl  PandoildMln  th«  ndqurtilM*  of  UluUHotK,  hjS.B. 
Wlnohell:  Boll.  MIdd,  Acad.  Sat.  Sci.,  Vol.  Ill,  Ptl,  18»n.  p.  11)3. 

■OnMcondu;  enUirgeineDta  of  tolDCnl  rragmuitii  Id  rerUiln  i 
B1miBdU.U.B  aKi1.SiirTe;No.S,18S4.pp.34,  35. 


ocka,  b;  S.  D.  Irrinf  uxt  C.  B.  V 


biGoogle 


b,  Google 


BALL]     PROBABLE  CONTIKUATION  OP  COUBTLAND   QUABTZITE.       23 

along  the  bedding  planes  and  oa  (lie  sidee  of  the  vertical  joints,  which 
have  served  as  channels  of  percolation  for  snbterranean  waters.  The 
silica  tbaa  dissolved  and  removed  has  doubtless  acted  as  the  indnra- 
ting  material  for  the  nuderlying  layers. 

Bxpogure8  tiear  New  Ulm.— In  sec.  27,  T;  110  N.,  B.  30  W.,  near  New  Ulm, 
I^  miles  northwest  of  the  exposures  near  Itedstone  jaat  described,  lie 
large  outcrops  of  coarse  qaartzite  conglomerate.  The  strike  and  dip 
are  nearly  at  right  angles  with  the  strike  and  dip  of  the  qnartzite  soath- 
east  of  Redstone;  the  strike  near  New  Ulm,  as  roaghly  represented  by 
the  direction  of  the  exposure,  being  N.  15°  E.,  with  a  dip  varying  from 
lOo  to  15°  SE. 

This  rock  is  fignred  by  Professor  Irving,  in  his  classic  paper  on  Clas- 
sification of  the  Early  Oambrian  and  pre-Cambriau  Formations,  as  an 
exposure  of  a  typical  basal  conglomerate.' 

There  is  much  variation  in  the  coarseness  of  the  pebbles,  all  sizes, 
from  average  sand  grains  to  bowlders  10  to  12  inches  in  diameter, 
being  seen.  These  pebbles  consist  almost  entirely  of  quartz,  in  part 
doll-red  or  brown  jasper  and  in  part  clear  white  quartz.  No  qnartzite 
masses  were  noticed  possessing  the  characters  of  the  qnartzite  sonth- 
west  of  Bedstone,  nor  were  any  granitic  pebbles  seen.'  This  is  some- 
what sorprising,  in  view  of  the  close  proximity  of  the  granitic  and 
gneissic  rooks  of  the  valley. 

PBOBABLB    COMTIHUATION    OP    THE     QUABTZITB     IN     BOBSOCMIMHa 
ABKA8. 

There  is  evidence  that  the  Conrtland  quartzitee  underlie  a  consider- 
able belt  of  territory.  Around  Swan  Lake  (see  PI.  I),  from  4  to  6  miles 
northeast  of  the  exposures  near  Bedstone  and  New  Ulm,  bowlders  of 
red  qnartzite  strew  the  ground  in  places.  In  Cottonwood  and  Waton- 
wan counties,  about  25  miles  to  the  southwest,  many  square  miles  are 
underlain  by  vitreoos  qnartzites,  and  many  broad  surfaces  appear, 
representing  a  thickness  of  strata  of  at  least  1,500  feet.  The  formation 
is,  therefore,  several  times  as  thick  as  at  Courtland,  there  being  exposed 
at  the  latter  place  trom  250  to  300  feet  only.^  There  is  no  donbt  that 
the  extensive  exposures  of  red  qnartzites  in  Bock  and  Pipestone  coun- 
ties, Minnesota,  and  in  many  counties  of  southeastern  South  Dakota, 
belong  to  this  same  formation.* 

To  the  eastward  little  is  known  of  the  extension  of  these  beds.  At 
Minneopa  Falls,  near  Mankato,  is  a  well  1,000  feet  deep.  In  boring, 
at  676  feet  ftom  the  surface  a  conglomerate  was  reached  with  pebbles 
of  clear,  fine,  nongraualar  qnartzite  up  to  2  or  more  inches  in  diameter. 

■StTesth  ADD.Kapt.TJ.S.Gecd.&nTvey,Fl.XLIV,fki;lng  p.  430. 

'Compare  pangcapht  In  Gealog;  of  Sibley  ud  KiDollBt  oonntlM,  b;  Wiirreii  Dpiiuii;  Qeol,  Hat. 
HIU.  Saivey  UlDDfiuU.  Tol.II,  lS3S,pp.  197-lH. 

•Prellmiiiaiy  paper  on  an  lnT«Mgallon  ot  the  ArchwD  foimutloDa  of  the  Northveatem  Stalwi.  bf 
RD.  IrrlDg;  Fifth  Ann.  Kept.  U.S.  Geol  Snrre;.  1SB4,  p.  201, 

I  upon  Iha  gedoEy  nf  some  -pnHImia  nf  UlnneaoU,  etc.,  hj  Jamea  Hall;  Tnni.  Am.  rhilsa. 


Sac..  Fblla,.  Vol.  XllI,  N.  S.,  ISti.  p.  ^8. 


■-•d'" 


^4  QNEI8SES,  OABBftO-SCfilsTS,  K'fd.,  01''  S«.  HINHESOTA.  Ibt>u.k1. 

From  ttuB  depth  to  more  tbaa  800  feet  below  the  surfikce  the  boriaga 
oonsiated  chiefly  of  qoartzite  pebbles  iodistiagaUhable  in  macroBcopic 
and  microaoopic  ohAraoters  from  the  vitrified  qnartzites  at  Ooartland.' 
These  pebbles  are  essentiaUy  different  from  those  composing  the  "  basal 
conglomerate"  beds  opposite  New  Ulm. 

In  1897,  at  G-Ieucoe,  about  35  miles  north  of  Kedetone,  a  well,  bored 
for  water,  yielded  drillings  of  a  decidedly  red  color  between  deptiis 
of  936  and  1,640  feet.  The  rocks  there  penetrated  wero  probably 
the  northward  extension,  beneath  the  Paleozoic,  of  these  GoortlaDd 
qnartzites. 

AGE  OP  THE  QUABTZIl'S. 

The  occorrence  of  the  qoartzite  conglomerate  at  Minneopa  Falls 
establishes  the  fact  that  the  great  Stoux  qaartzite  terrane  was  thor- 
onghly  indurated  and  a  subject  of  ezteoBive  erosion  at  the  time  the 
bottom  beds  of  the  Middle  Cambrian  were  being  laid  down  in  the  area 
now  embraced  in  the  Upper  Mississippi  Valley.    (See  fig.  4.) 


Fra.  t HjpirtlwtlcBl  Hotlmi  from  CourtUnd  U  UkniHwpi.    1,  Onnlte-foaiu  ot  the  UlnneMt* 

irTkUeri  liCoDgloawntiobaM  aTtheqiiBrtsllsfomutliHi;  S,  QaBTtilteoii 


thuiat  thsbowi  1,  Cmarvtlonary  CreUoeoa*  UmaatODe  i  S,TheCaDrtlud>ip«nraa  orndqiiuixllc, 
with  overlflng  (WDglomendg  phiHa^  (.CunbrUn  Mnglomtnta  iHtb  p«bblM  of  red  qulltmlte; 
7,  Dreabach  (f )  landatoiw;  8.  St.  LawreDiw  dolomltei  and  ahaloa;  9,  Jordan  aaodetoiMi,  AMD  at  UluD^ 
opaFallai  10,  Glacial  drift  of  varying  tblckoaas. 

The  lapse  of  an  enormous  interval  of  time  between  the  deposition  of 
the  qnartzites  and  the  Middle  Cambrian  (Potsdam)  is  most  strikingly 
shown  by  Irving  for  the  Baraboo  district  of  central  Wisconsin,  a  dis- 
trict presumed  by  that  writer  to  show  features  of  age  and  strati- 
graphic  relations  identical  with  those  of  the  Courtland  district  of 
southwestern  Minnesota.'  Whether  these  qnartzites  belong  to  the 
Upper  Hnronian  subdivision  of  the  Algonkian  can  not  be  determined 
from  the  mere  fact  of  their  lying  nnconformably  beneath  the  Middle 
Cambrian.  It  ia  sufficient,  for  our  present  purpose,  to  know  that  a  time 
gap  of  great  length  intervened  between  the  deposition  of  these 
great  qaartzite  beds  and  the  close  of  the  erosion  which  partly  removed 
them  and  accnmalated  their  debris  as  masses  of  conglomerate  pebbles 
in  the  bottom  layers  of  the  Paleozoic  of  the  Upper  Mississippi  Yalley. 

'  The  deep  well  at  lllnB«ipa,Mlnn(iHita,  by  C.W.  Hall:  Bnll.HlDn.  Acad.  NaL  Scl..  Vol.  ni,Ho.2. 
IWl.p.M. 

■On  the  claaalflaatlao  of  tbaevl;  Cambrian  anil  iire-CambrfanformaUoiu.  by  R.O.Irving;  Saveotb 
Ann.  Kept  TJ.  S.  QeoL  Snrr^.  ISM,  p.  M3  e  t  aeq. 
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QNEISSOID    OBANITS   &XP08UB£S. 

One  hundred  and  fifty  paces  west  of  the  New  TJlm  conglomerate, 
and  nndonbtedly  esteoding  beneath  it,  lies  the  first  outcrop  of  gneiss 
that  is  reached  in  asceodiDg  the  Minnesota  River  Valley.  Three  or 
foar  knobs  stand  some  5  to  15  feet  above  the  level  of  the  river  bot- 
tom. The  several  outcrops  are  shattered  intonamerous  loose  blocks 
by  the  forces  of  weathering.  These  blocks  are  so  disintegrated  and 
crumble  so  readily  that  hand  specimens  can  with  difBcalty  be  shaped. 
They  show  all  the  phenomena  of  concentric  weathering  so  common  in  dis- 
integrating granites  of  coarsely  crystalline  texture.  The  shattered  con- 
dition preclndes  the  possibility  of  noting  the  strike  or  dip  of  the  laminte. 
No  contortion  can  be  seen.  The  rock  is  granitic  in  texture,  of  medinm 
coarseness,  somewhat  porpbyritic,  and  of  a  reddish  color,  due  to  the 
abundance  of  red  feldspars.  It  is  bornblendic,  but  contains  only  a 
small  portion  of  basic  constitueats  and  a  much  less  proportion  of 
quartz  than  the  exposures  farther  up  the  river.  The  feldspars  are 
orthoclase,  miorocliiie,  and  oligoclase,  and  are  all  consid^ably  altered 
through  kaolin,  the  orthoclase  and  the  oligoclase  to  a  much  greater 
extent  than  the  microcline.  The  altered  areas  are  heavily  charged 
with  hematite  and  brown  ferrite.  The  deepest  specimens  obtainable 
along  the  plaoes  of  firacture  show  a  lodgment  of  ferric  oxide,  which  in 
places  is  apparently  hydrous  (limonite).  This  lodgment  is  especially 
interestiDg  around  nests  of  basic  constituents.  In  such  places  the 
iatermiugling  of  the  brown  and  green  gives  a  particularly  weathered 
appearance,  which  is  not,  however,  fully  borne  out  by  the  microscopic 
examination. 

FORT  RIDOELY  DISTRICT. 

Passing  up  the  river  a  distance  of  15  miles  from  New  Ulm,  La  Fram- 
boise's place  is  reached.  This  spot  marks  the  beginning  of  some  very 
extensive  exposures  of  rocks.  Here  they  come  down  to  the  water's 
edge,  forming  a  good  canoe  landing  and  marking  the  spot  where  one 
of  the  earliest  trading  posts  of  the  valley  was  located  by  the  fiather  of 
the  present  owner  of  the  place. 

GNBISSOID  GBAJflTE. 

Area  northeatt  of  Golden  Gate. — In  the  area  northeast  of  Golden 
Gate  (PI.  lY),  scattered  over  several  sections  in  the  vicinity,  partica- 
larly  over  sees.  14, 15, 16, 21, 22,  and  23,  T.  Ill  N.,  E.  33  W.,  are  many 
exposures  of  a  gneiss  which  to  a  considerable  extent  is  augitic  and 
granitoid.  It  varies  in  texture,  and  over  much  of  the  area  is  so  great- 
ly shattered  as  to  be  unfit  for  systematic  quarrying.  Occasional 
areas  are  rather  coarse,  orthoclase  crystals  6  or  6  inches  iu  length 
being  found,  and  in  other  areas  a  fineness  unusual  iu  gneissic  rocks 
can  be  seen.  Asa  rule, these  exposures  exhibit  a  rock  of  red  color, 
but  this  color  shades  through  pink  to  a  dirty  gray,  and  in  some  of  the 


GABBRO-SCHISTS,  ETC.,  OF  SW.  MINNESOTA.  [buli.1S7. 

exposures  the  last-named  color  is  the  predomioant  oiie.  The  more  floely 
granular  modifications  are  those  of  the  gray  color,  and  these  cany 
augite.  lu  alt  the  rocks  of  this  locality  there  is  an  uoasual  lack  of  bio- 
tite.  Often  band  speoimeus  may  be  found  on  which  not  a  foliam  of 
this  mineral  can  be  seen.  The  quartz  is  rather  opalescent  The 
gneisses,  as  a  whole,  are  charaoterized  hy  a  high  per  cent  of  silica. 

Area  weat  of  Fort  Ridgely. — West  and  southwest  of  old  Fort  liidgel  j 
the  gneiss  assumes  a  darker  color  and  a  more  iironoauced  gneissic 
habit  tbroagh  the  increase  of  the  biotite  and  the  bornbleode.  It  seems 
much  Iresher,  and  in  places  some  quarrying  has  been  done. 

Along  the  south  side  of  the  river,  within  the  area  of  the  map  (PI.  IV}, 
several  exposures  ot  gneissic  rocks  are  said  to  occur.  The  one  locality 
visited  was  the  old  quarry  out  of  which  material  was  secured  by  the 
Government  for  erecting  the  barracks  and  other  buildings  of  Fort 
Bidgely,  whose  ruins  now  stand  upon  a  r^nspicuons  morainic  bluff  on 
the  nortJi  side  of  the  river,  1  j  miles  distant  ^m  the  quarry.  The  loca- 
tion of  this  outcrop  is  at  a  sharp  bend  in  the  river,  150  paces  X.  and 
1,IK>0  paces  W.  of  the  southeast  coruer  of  sec.  1,  T.  Ill  N.,  B.  33  W.  It  is 
200  paces  long  by  150  paces  wido.  The  rock  is  medium  grained  gneisaoid 
graoite,  porphyritic  in  texture,  and  is  somewhat  stained  at  the  sar&ce 
by  weathering  and  the  infiltration  of  ferric  oxide  along  secondary  strnc- 
tores.  It  is  somewhat  shattered,  and  in  places  is  decidedly  granitoid. 
The  more  laminated  portions  show  some  contortion  of  the  bands,  which 
have  a  general  N.-S.  strike,  with  a  westerly  dip  of  from  40°  to  50°. 
In  these  respects  the  rock  agrees  with  the  masses  on  the  north  side  of 
the  rivOT  in  sees.  30  and  36,  T.  112  N.,  B.  33  W. 

BASIC  BOCKS. 

In  sec.  34,  T.  112  ST.,  B.  33  W.,  is  a  fine  exposure  of  angit«-schist.  It 
can  not  be  certainty  determined  whether  it  is  a  dike  breaking  through 
the  gneiss  or  an  iuterbedded  layer  of  quite  different  mineral  and  chem- 
ical composition  from  (he  associated  gneissic  rocks,  although  it  is  prob- 
ably the  former.  Only  a  few  hundred  paces  northeast  of  the  schist  is 
a  highly  altered  rock,  now  l>earing  epidote  and  oalcite,  which  in  both 
external  and  internal  characters  gives  strong  evidence  of  having  once 
been  an  olivine-gabbro. 

Near  La  Framboise's  a  bornblendic  hypersthene-gabbro  occurs  in  the 
angitic  granitoid  gneiss,  and  at  the  old  Fort  Bidgely  quarries,  NW.  J 
of  NE.  i  sec.  2,  T.  Ill  N.,  B.  33  W.,  a  bornblende-biotite-Bcbist  can  be 
seen  which  doubtless  was  once  similar  in  mineral  composition  to  the 
hypersthene-gabbro  at  La  Framboise's.  It  is  probable  that  the  gabbro 
just  mentioned  occurs  as  an  intrusion  in  the  gneiss.  The  contact 
between  the  two  is  sharp  and  clear  where  a  wall  is  uncovered  for  a 
few  paces. 

Everywhere  in  the  rocks  of  the  Fort  Bidgely  district  there  are  veins 
of  quartz,  and  in  places  they  are  very  numerous.    For  example,  in  seo. 
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2,  T.  Ill 'S,,  B.  33  W.,  ranning  in  a  prevailing  NW.-SE.  direction,  veins 
of  milky  quartz,  varyitig  in  thickness  from  tbat  of  paper  to  5  inches 
across  and  lenticular  in  shape,  are  seen  to  variegate  the  surface  of  the 
rook.  Schistose  inclasions  are  not  infteqaent.  These  possess  a  medJom 
texture  and  vary  somewhat  in  mineral  composition. 

MORTON  AND  BSAVER  FALLS  DISTRICTS. 

FBE-OABIBBIAN   BOCKS. 

Lower  Sioux  Agmey  area.— In  sees.  10,  11,  13, 14, 15,  23,  and  24,  T. 
112  N.,  R.  34  W.,  on  the  sonth  side  of  the  Minnesota  Biver,  occur  mound 
after  mound  of  gneissic  rocks,  cut  by  diabase  dikes  and  associated  with 
altered  gabbros  and  peridotites.  In  texture  the  gneissic  exposures 
vary  somewhat.  On  the  average,  the  rocks  are  mediam  grained,  but 
in  places  orthoclase  individuals  4  inches  across  are  found.  Consider- 
able contortion  was  noted  in  the  lamination,  but  the  general  direction 
is  NE.-SW.  The  number  of  v^ns  and  segregations  is  less  than  around 
Fort  Bidgely.  The  gneiss  adjacent  to  the  large  diabase  dikes  is  of 
unusual  freshness.  This  freshness  seems  to  be  an  accidental  character, 
for  uorthwest  of  these  ezposores,  in  sec.  15  of  the  same  township,  the 
gneiss  is  badly  weathered.  This  weathering  and  the  already  existing 
jointing  of  the  rocks  produce  concentric  blocks  of  various  sizes,  the 
uppermost  and  oldest  being  the  most  spheroidal.  The  gneisses  are  of 
the  normal  homblendic  biotite  type.  Accessories  rather  widely  found 
in  granitic  rocks  occar,  particolarly  apatite,  pyrite,  and  magnetite. 

On  the  Tracy  farm,  in  see.  10  of  this  same  township,  a  beantifnl 
chloritic  gneissoid  granite  is  found,  not  in  large  quantity,  but  with 
beautiful  areas  of  radiated  chlorite  and  chlorite  plates  in  vermicular 
chains,  (PI.  XVII,  A.)  This  rock  carries  many  inclusions  of  a  dark- 
green  color,  which  show  a  predominating  quantity  of  chlorite. 

In  sec.  14  of  the  same  township  are  large  masses  of  a  coarse-grained, 
dark-colored,  homblendic  rock.  There  is  a  foliation  in  a  general 
NE.-8W.  direction  and  a  sontheasterly  dip  of  80°,  although  at  thesnr- 
face  there  is  much  contortion.  This  is  evidently  an  altered  gahbroid 
rock. 

In  sec  19,  T.  112  N.,  R.  33  W.,  and  sees.  23  and  24,  T.  112  K.,  E.  34 
W.,  Ilea  the  largest  clearly  defined  dike,  save  the  one  at  Pigeon  Falls, 
which  the  writer  has  seen  in  Minnesota.'  Its  width  is  60  paces,  and  it 
can  be  traced  2  or  3  miles  across  the  valley,  standing  in  the  midst 
of  a  large  mass  of  flue,  fresh,  gray  gneiss.  In  composition  it  is  a 
badly  altered  qoartzose  diabase. 

In  sec.  15,  associated  with  the  gneiss,  is  a  hornblende-augite-schist 
which  contains  some  hypersthene. 

■  Tbli  dlks,  craMiDK  the  Ptgeon  KItut  ud  forming  the  rilla  named.  hM  b««D  dtwrihed  bf  Nor- 
wood in  Oweo'i  Kaport  orBQeologluISiirTsy  of  WlKonBin.Iow&.uidMlniieMU,eto.,Phll>de1phlk, 
lSS2,p.  40C;  and  hubecn  referred  tob;  Irving  In  The  ooppoi-beulng  rockl  of  Lake  Superior i  Hon. 
D.  8.  Q«oL  Barrtr,  Vol.  V,  UB3,  p.  3T1. 


28  QNEIBSES,  GABBRO-8Cai8T8,  ETC.,  OP  8W.  MINNESOTA.  (bdu-IST. 

Ill  B60.  9  of  the  same  towaship  occur  the  only  peridotite  and  aerpen- 
tiue  seen  ia  place  in  the  Miaoesota  Biver  Valley.  Two  low  knobs, 
each  100  paces  long,  60  paces  wide,  and  not  esceediug  10  feet  in  height, 
repreaent  all  of  these  rocka.  The  variety  of  peridotite  seems  to  be 
saxonite,  although  somewhat  altered.  The  namerons  cavities  in  the 
rock  are  filled  with  geodized  incrustatioQH  of  amethystine  quartz  and, 
more  rarely,  resinous-lookiug  calcite. 

In  the  more  exposed  portions  the  alteration  mentioned  has  proceeded 
until  the  original  constituents  have  wholly  disappeared.  Indeed,  a 
set  of  rock  sections  may  be  prepared  showing  every  degree  of  altera- 
tion fh>m  a  nearly  normal  peridotite,  with  only  alight  alteration  of  its 
enstatite  and  olivine,  to  a  serpentinous  rock  in  which  not  a  trace  of  the 
original  constituents  remains. 

While  these  knobs  of  peridotite  are  the  only  occurrence  of  the  rock 
undoubtedly  in  place,  it  may  be  added  that  in  sees.  32  and  33,  T.  112 
K.,  B.  33  W.,  between  the  foot  of  the  moraiuic  blufl'  and  the  present 
bed  of  the  river,  stands  a  terrace  in  which  are  many  bowlders  of  peri- 
dotite and  serpentine.  The  present  condition  of  these  bowlders  points 
to  the  probability  that  they  have  been  transported  but  a  short  distance, 
thus  leading  to  the  inference  that  beneath  the  glacial  drift  and  the 


FiQ.  {.— CoLlorted  hornblende-blatits-giwiHi.  from  lalliriiy  cot  at  Uorton,  IN  feet  long. 

deposits  of  river  debris  there  lies  a  large  mass  of  these  heavily  basic 
rocks.  Every  petrological  character  is  identical  with  the  correspond- 
ing one  of  the  rocks  in  situ  in  sec.  9,  already  mentioned. 

Morton  area. — At  Morton  appear  huge  mounds  of  gneiss  with  a  con- 
torted lamination.  (Fig.  5.)  This  gneiss  is  hornblendic,  and  has  a  pre- 
vailingly dark  color.  In  places  nests  of  pyrite  can  be  seen  on  freshly 
fractured  surfaces.  In  coming  np  the  river  from  La  Framboise's  to 
this  place  we  see  a  gradual  change  in  the  color  of  the  gndssic  rocks 
from  a  reddish  to  a  prevailingly  dark  gray,  a  change  from  the  gran- 
itoid structure  to  the  gneissic,  a  disappearance  of  the  augite-bearing 
rocks  lean  in  basic  minerals,  and  the  appearance  of  nonaDgitic  gneisses 
in  which  both  hornblende  and  biotite  are  abundant.  The  foliation  of 
these  rocks  in  all  its  contortions  can  be  seen  on  the  surface  wherever 
weathering  has  not  so  corroded  it  tbat  part  of  the  constituents  are  no 
longer  visible.  The  railroad  cot  at  Morton  shows  a  fresh  surface.  The 
accompanying  figure  (fig.  5)  was  taken  from  the  west  side  of  that  cnt. 
Attention  may  be  called  to  the  coarsely  crystalline  masses  of  pegma 
tite  which  are  rather  thickly  distributed  throughout  this  fresh  Morton 
gneiss.     These  masses  are   not  so  clearly  defined  as  are  pegmatitic 
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veinB,  bat  their  general  cbaracterB  iodicate  them  to  be  each.  In 
almost  all  caaes  noted  the7  merge  inseusibly  into  the  normal  gneiss. 
In  places  they  carry  nests  of  biotite  and  hornblende,  many  of  which 
are  1  or  2  inches  acroaa. 

Veinlike  segregations  of  feldspar  and  qnartz  and  of  qnartz  alone 
are  everywhere  nnmeroos.  They  are  not  marked  by  nnuaual  size,  nor 
by  the  occorrence  of  metallic  contents.  There  is  no  little  diversity, 
however,  in  mineral  constitnents,  as  well  as  in  textare  and  stracture. 
On  Birch  Oooley  some  finely  textured  reddish  veins  of  trae  granitic 
type  show  a  distinctly  laminated  stractare.  They  are  irregular  in  Bhape 
and  direction.  Elsewhere  a  pegmatitic  Btrnctcre  prevailB.  In  the 
altered  portions  of  the  gneissic  rooks  the  veins,  which  are  also  altered, 
carry  namerons  scales  and  pockets  of  limonite.  These  altered  veins 
show  much  variation  in  color  and  textnre.  In  many  large  areas,  where 
the  color  is  pink  or  reddish  gray  the  feldspars  are  abundant,  and  where 
reddish  black  the  biotite  and  hornblende  occupy  a  larger  place  than 
nsaal.  These  characters  are  particularly  noticeable  at  the  ezpoBures 
in  sees.  29  and  30,  T.  113  K,  B.  35  W.,  north  of  the  citiy  of  Redwood 
Falls. 

The  tops  of  the  large  mounds  of  gneiss  at  Morton,  75  feet  above  the 
high-water  mark  of  the  present  Minnesota  Biver,  display  indnbitable 
evidenoes  of  water  erosion.  For  the  moat  part  these  surfaces  are 
smooth  and  ronnded,  but  on  the  very  top  of  the  highest  hill  a  pothole 
of  considerable  size  still  exists.  Grooves  oat  by  running  water  can 
also  be  seen. 

At  Morton  (PI.  Y)  the  gneiss  is,  in  places,  remarkably  fresh.  Ordi- 
nary metamorphio  changes,  as  Oeikie  defines  the  term,'  are  every- 
where met  with  among  these  rocks.  In  a  few  places  changes  are  noted 
which  can  be  traced  directly  to  surface  infiuences;  also  changes 
which  have  removed  so  much  of  the  rocks  that  what  is  now  left  has 
every  character  of  an  entirely  different  species.  The  kaolin  beds  of 
the  Birch  Oooley  Gorge  are  a  case  in  point,  because  there  is  no  doubt 
that  these  beds  are  altered  gneissic  rocks  which  at  one  time  presented 
characters  similar  to,  if  not  identical  with,  those  of  the  gneisses  at 
Morton  which  are  now  so  ft^sh  and  firm.  There  is  little  doubt  that  the 
Birch  Oooley  exposures  are  portions  of  the  same  beds  that  appear  at 
Morton. 

Beaver  Falls  area. — (PI.  YI.)  Along  the  bottom  lands  of  the  Minne- 
sota Biver,  northwest  of  Morton,  the  gneissic  rocks  appear  in  large, 
high  knobs.  The  higher  and  more  exposed  portions  of  these  outcrops 
are  comparatively  fresh  and  firm,  while  in  the  more  sheltered  places 
the  kaolinized  portions  are  not  yet  removed.  A  distinctly  gneissic 
habit  prevails,  with  lees  contortion  than  appears  around  Morton.  The 
strike  of  the  laminat  is  NW.-SE,,  and  the  dip  is  KE.,  with  a  varying 
angle.  While  in  general  there  iB  little  difference  in  character  between 
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the  gneisa  of  the  knobs  between  Morton  and  Beaver  Falls  and  the 
quarried  rocka  of  Morton,  slight  differences  may  be  noted.  The 
porphyritic  character  of  the  gneisB  at  Beayer  Falls  is  rather  prom- 
inent. Feldspar  crystals,  orthoclase  and  microcline,  are  well  defined. 
Id  size  they  reach  a  length  of  2  or  more  inches.  They  shov  Oarlsbad 
twiuuing,  are  much  fresher  than  the  finer-grained  matrix,  and  resist 
weathering  to  snch  an  extent  that  they  stand  oat  from  the  sariaoe  of 
the  rock  a  half  inch  or  more.  Their  whitened  aspect  indicatOB  the 
kaolinized  condition  which  even  the  freshest  individnals  exhibit 
The  gneissic,  porphyritio  eonditaon  which  has  jast  been  noted  is  not 
aniform.  In  places  a  pegmatitic  etraeture  covers  extensive  areas. 
These  coarser  phases  are  at  times  sharply  defined,  and  again  pass 
gradnally  into  the  normal  biotitic  gneiss  of  the  area.  In  some  areas 
finer  granitic  veins  are  fi^nent,  similar  in  texture,  color,  and  mineral 
composition  to  those  seen  on  Birch  Oooley  Greek,  in  the  Morton  dis- 
trict, penetrating  the  fresher  phases  of  the  gneisses. 

The  surface  material  of  the  gneisses  shows  no  appreciable  amooot  of 
hornblende,  almost  all  of  the  basic  portion  being  biotite. 

Joints  are  everywhere  very  conspicuous  upon  these  mounds.  In 
places  they  have  produced  nearly  perpendicular  walla.  This  is  not 
noticeably  the  case  on  the  southerly  face  of  the  large  mound  which 
crops  oat  in  sees.  26,  35,  and  36,  T.  113  N.,  B.  35  W.  The  asnal  direc- 
tion of  the  joints  is  N.  35°  W.  A  waterworu  eonditaon  of  the  sarface 
is  rather  marked.  Even  the  highest  portiona  of  the  mound  referred  to, 
irom  30  to  50  feet  above  the  river's  present  level,  show  potholes  and 
grooves  which  bear  conclosive  evidence  of  water  wear  rather  than  of 
the  even  cutting  of  glacial  ice.  These  phenomena  of  water  action  are 
not  BO  conspicnoofi  at  this  locality  as  on  the  sammits  of  the  qnartzite 
areas  at  Oonrtland,  described  on  page  21,  nor  so  nnmerons  as  at  several 
localities  farther  up  the  river  (pp.  36,  42). 

Along  the  river  road  from  sec.  26,  T.  113  N.,  B.  36  W.,  westward  to 
Beaver  Greek,  there  are  a  number  of  unimportant  weathered  exposures 
of  the  same  general  character  as  those  above  described. 

Bedvood  River  area. — Near  the  mouth  of  the  Redwood  River  (PLYII) 
the  gneisses,  showing  a  typical,  distinctly  laminated,  and  uncontorted 
structure,  appear  in  large  areas  and  cause  many  tortnoos  windings  in  the 
Minneaota  River.  The  strike  is  NE.-8W.,  in  places  N.  75°  K.,  with  a 
dip  sometimes  as  high  as  70°  BE.  The  lamination  at  this  point  is 
conditioned  by  the  parallelism  of  the  constituent  minerals.  At  the 
northern  border  of  this  area  of  gneiasic  rocks  there  is  an  intercalation 
of  hornblende- schist.  It  ia  characterized  by  a  rather  coarse  texture 
(sp.  5260),  and  consiats  ehiefiy  of  quartz  granules,  triolinic  feldspars, 
and  green  hornblende,  the  last  occasionally  carrying  cores  of  aagite. 
It  bears  many  evidences  of  descent  from  the  bedded  gabbros  of  the 
valley.  Numeroas  feldapathic  veins  form  an  anastomosing  network 
tbroaghoat  the  whole  exposed  area  of  this  rock. 
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Near  the  Redwood  Biver,  from  its  moath  to  the  falls  in  tbe  city  of 
Kedwood  Falls,  tbere  are  nutDy  places  where  the  ^tered  gneiss  is  prom- 
nently  exposed  to  view.  One  spot  shows  snch  a  complete  kaolinization, 
and  at  the  same  time  sach  a  staining  byferrio  oxide,  that  considerable 
material  has  been  extracted  for  the  maDafactare  of  brown  mineral 
paint.  In  B6c.  29,  T.  113  N.,  B.  35  W.,  some  quarrying  has  been  done 
in  a  gueissio  rock  which  in  state  of  preservation  stands  aboat  midway 
between  the  nick  just  mentioned  as  serviceable  for  a  paint  and  the  fine, 
f^efa  gneiss  at  Morton  and  above  Beaver  Falls. 

The  Bedwood  River  has  cut  a  pictnresqne  gorge  for  itself  for  a 
distance  of  from  1}  to  2  miJea  from  the  south  wall  of  the  old  Biver  War- 
ren to  the  present  Bedwood  Falls.'  The  walls  of  this  gorge  are  massive 
gneissic  rocks,  reaching  150  feet  in  height.  In  all  the  places  cited 
above  almost  every  stf^e  of  decomposition  may  be  seen,  ft^m  the  fresh- 
est and  finest  gneiss  down  to  the  impure  green  kaolin  of  Birch  Gooley, 
or  the  "red  paint"  below  Bedwood  Falls.  TTsnally  the  quartz  con- 
sUtaent  of  the  gneisses  is  quite  fresh  and  holds  its  place  in  lenticnlar 
laminfe  throngh  the  soft  material  which  now  makes  ap  the  mass  of  the 
rock  exposures. 

Area  aboue  Eedwood  Bieer, — Along  the  river  bottoms  above  Beaver 
Falls  and  Bedwood  Falls,  on  both  sides  of  the  Minnesota  Biver,  there 
are  nnmeronsexposores  of  biotite-gneisses.  In  sees.  19  and  20,  T,  113  N*., 
B,  35  W,,  are  some  large  and  high  rock  masses  which  have  to  no  little 
degree  modified  the  coarse  of  the  river,  as  a  glance  at  PI.  VI  will 
show.  In  the  sontheastem  comer  of  sec.  20  are  some  notable  monnds, 
caused  by  concentric  weathering.  Spherical  masses  of  tons'  weight  lie 
around.  The  rocks  are,  as  a  rule,  of  a  decidedly  freah  aspect;  a  few 
are  thoroughly  disintegrated  at  the  snrfoce,  yet  have  considerable  con- 
sistency and  toughness  at  the  center.  They  are  well  laminated. 
The  gneisses  exhibit  very  little  variation  fVom  the  t^irpee  in  the  south- 
eastern portion  of  the  Beaver  Falls  district  (PI.  YI).  But  interlami- 
nated  with  the  honjblende-biotite-gneisses  are  some  interesting  horn- 
blende-schists. The  schists  weather  rather  more  rapidly  than  the 
gneissic  rocks,  and  as  a  consequence  they  are  foand  in  the  lower  por- 
tions of  the  exposures.  They  show  some  variation  in  texture,  in 
some  eases  a  rather  coarse  condition  being  prominent  The  stmcture 
and  mineral  composition  of  the  schists  are  distinctly  gabbroid.  Horn- 
blende and  a  plagioclastic  feldspar  close  to  labradorite  in  its  optical 
charaotera  are  the  chief  constituents.  The  form  and  structure  of  these 
minerals  are  tbe  same  as  in  ordiuary  horublendegabbros,  the  only 
difference  being  in  the  complete  alteration  of  the  pyroxeuio  into  amphi- 
bolic Gonstitaents.  The  strike  of  the  rocks,  gneisses  and  schists  alike, 
where  it  shows  any  regolarity,  is  NB^W.,  and  the  dip  is  8E,  Bnt  in 
phKee  there  is  great  contortion. 
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Origin  of  JcacUnie  gneiaiei. — It  may  be  well  to  note  bere  the  altitade 
of  the  kaolinic  gneisses,  as  compared  -with  that  or  the  f^esb  gneisses,  at 
l^rton,  Beaver  Falls,  and  several  other  places  along  the  valley  where 
the  fresh  rocks  and  the  kaolioic  varieties  are  found.  Nowhere  does 
the  kaolinic  staod  at  a  greater  altitade  than  the  nndecomposed  rock 
at  some  place  in  the  immediate  neighborhood.  At  Morton  the 
knobs  of  fresh  gaeiss  in  sees.  30  and  31,  T.  113  N.,  B.  34  W.,  mast 
reach  an  elevation  at  least  100  feet  higher  than  the  kaolinic  gneiss 
in  the  Birch  Cooler  Gorge.  At  Beaver  Falls  dam  the  tnah,  bright 
horublende-biotite-gneiBS  is  certainly  7»  feet  higher  than  the  decayed 
material  beside  the  road  ranniDg  along  Beaver  Greek,  between  the 
village  of  Beaver  Falls  and  the  MiuDesota  Biver  bottoms.  The 
same  relative  altitades  are  shown  io  the  gorge  of  the  Bedwood 
Biver  between  Redwood  Falls  and  the  Minnesota  Biver,  and,  although 
to  a  less  degree,  near  tiie  village  of  Minnesota  Falls  and  in  the  city  of 
Granite  Falls. 

These  facts  of  position  tend  to  show  that  in  the  decomposition,  which 
mnat  have  been  pre-Glacial,  the  breaking  up  of  the  old  crystalline  rocks 
coald  not  have  been  a  leveling  process,  as  we  anderstand  that  term,  but 
that,  either  through  a  dift^rence  in  the  hardness  of  the  rock  or  by  reason 
of  other  qoalifying  cirvumstantiee,  tiie  corrosion  reached  to  great  depths 
in  offliain  places,  while  in  others  near  by  but  little  effect  was  produced. 

VICKSBURQ  DISTRICT. 

Continuing  in  a  northwesterly  direction  np  the  Minnesota  Valley 
(Pis.  Till  and  IX),  there  is  found,  in  T.  lU  K,  B.  38  W.,  and  especially 
in  that  jwrtion  lying  on  the  north  side  of  the  Minnesota  River  south  of 
the  post-office  of  Yicksburg,  an  extremely  rocky  area.  The  valley 
here  broadens  to  4  or  5  miles,  with  large  areas  so  rock  covered  that 
these  sections  were  marked  by  the  land  surveyors  as  "rock  barrens." 
The  rocky  mounds  stand  high  and  bare.  Their  tops,  from  50  to  100 
feet  above  the  present  river,  show  many  potholes  and  tortnoas  grooves 
nrom  river  erosion.  As  one  enters  this  township  from  the  southwest 
he  finds  an  extremely  interesting  series  of  gneisses  and  schists.  The 
former  are  rather  acidic  in  composition,  carrying  hornblende  as  the 
chief  basic  constituent,  and  the  latter  are  gabbro-achists  of  somewhat 
varying  types. 


Taking  the  district  as  a  whole,  the  strike  of  the  gneisses  is  NB.-SW. 
Their  dip,  according  to  several  measurements  below  Redwood  Falls,  is 
SE.  at  an  angle  of  70^,  while  elsewhere  the  angle  was  as  low  as  26°. 
The  general  direction  of  these  rocks,  both  in  strike  and  in  dip,  is  shown 
on  the  maps  by  dotted  lines.  The  gneiss  is,  as  a  mle,  highly  siliceous 
and  strongly  banded,  27  laminee  having  been  counted  in  a  single 
inch.    It  is  not  so  contorted  as  the  gneiss  around  Beaver  Falls  and 
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Morton,  In  places  it  is  qnite  epidotic,  and  almost  everywhere  it  is 
pori>hyritic. 

In  the  almost  continnoaa  series  of  exposores  in  this  vicinity  the 
rocks  present  great  diversity  of  type.  In  places  the  gneiss  is  so  mas- 
Bive  that  no  lamiaation  is  seen  for  several  feet,  while  not  far  away, 
it  may  be,  a  decidedly  Bchistose  habit  prevails.  Large  areas  are  seen 
with  few  traces  of  veins,  whether  granolar  or  qnartzose,  while  in  other 
and  contigoons  areas  veins  are  so  namerons  that  scarcely  a  square 
inch  of  surface  can  be  seen  which  does  not  carry  these  aegregatioue. 
3ome  rock  masses  are  very  fine  in  texture,  while  otheia  are  coarse  and 
cnimbling.  Many  of  the  gneisses  show  an  abundance  of  quartz  and 
potash  feldspars,  with  only  a  small  proportion  of  the  basic  minerals, 
homblende  and  biotite;  elsewhere  hornblende  and  plagioclases  con- 
Btitnte  the  bulk  of  the  rock,  with  almost  no  quartz  present.  Some 
stretches  of  rock  surfaces  present  a  prevailingly  red  color,  while  others 
are  a  decided  gray. 

In  several  exposures  of  the  gneisses  pyrite  and  chalcopyrite  were 
seen  as  accessories.  Barely  the  latter  occurs  in  sufficient  quantity  to 
give  a  gray  or  blue  color  to  its  associated  minerals  through  the  alter- 
ation to  carbonate  of  copper. 

In  one  locality,  in  sec.  8,  T.  114  K.,  E.  37  W.,  on  these  same  rock  bar- 
rens, occurs  a  rock  of  much  interest  (sp.5372,  5373, 6374},  which  is  fully 
described  later  (pp.  69-72).  It  is  an  angrite-biotite-granite-gneiss  of  not 
very  great  extent.  The  grain  is  coarse,  and  the  color  is  a  mottled  dark 
green  and  light  green.  Streaks  of  a  veinlike  mixture  of  feldspar  (micro- 
dine)  and  hornblende  appear,  with  individuals  3  and  4  inches  across. 

QABBBO-8CHIBT8. 

In  the  gabbro- schists  associated  with  the  gneisses  we  have  rocks  quite 
different  in  many  of  their  aspects  from  either  ordinary  gneisses  or 
ordinary  schists.  In  texture  the  schists  are  medium  to  Sue,  and  in 
strnctnre  tbey  are  distinctly  laminated.  The  strike  of  the  lamination  is 
^E.-SW.,  and  the  dip  is  25<^  SK.  The  rocks  are  laminated  gabbros, 
and  so  far  as  general  characters  are  concerned  they  appear  much  like 
the  flaser-gabbroB  of  the  German  lithologists,  particularly  those 
described  by  Lehmann.'  These  gabbroid  rocks  must  be  very  ancient, 
since  they  are  broken  throagU  by  the  diabase  dikes  so  common  in  the 
valley,  and  are  apparently  interbedded  with  the  gneisses  with  which 
they  are  associated.    They  will  be  described  further  In  Chapter  V. 

In  this  vicinity,  in  sec.  33,  a  white  variety  of  hornblende — tremolite — 
was  seen  in  one  rock,  an  occurrence  somewhat  rare  in  the  valley.  Near 
it  occurs  a  goruetiferoas  hornblende  rock  which  carries  diallage,  the 
mineral  from  which,  by  its  alteratioo,  a  portion  of  the  white  homblende 
springs. 
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GRANITE  FALLS  DISTRICT. 

Directly  on  the  line  between  T.  115  N.,  R.  38  W".,  and  T.  115  N.,  E.  39 
W.,  in  sec.  19  of  the  former  aud  iu  sec.  21  of  the  latter  (PI.  X),  gabbro- 
Bchist  occors.  The  rock  stands  in  nearly  vertical  position.  It  Ib  so 
shattered  that  measarements  of  strike  and  dip  are  somewhat  nncertain. 
The  strike  was  determined  as  IS,  65°  E.,  the  dip  being  SE.  at  an  augle 
ran^ng  from  75°  to  TeT;ticaL  The  textare  is  very  fine,  and  geodized 
masses  of  qnartz  occur.  Only  one  other  place  is  known  in  the  Talle;r 
where  a  schist  as  finely  textaied  as  this  ocoars  in  place.  That  is  in  sec 
17,  township  of  Omro,  115  N.,  E.  43  W,  This  peculiar  rock  is  not  infre- 
quent ia  the  form  of  drift  bowlders  in  various  parts  of  Minnesota. 
Large  masses  have  been  fonnd  at  Litchfield,  T.  119  N.,  B.  31 W.,  at  Min- 
neapolis, and  at  many  other  places.  These  occnrrences  point  to  a  some- 
what wide  distribation  of  this  hornblende-schist  beneath  the  drift. 

A  mile  and  a  half  northwest  of  these  gabbro- schists  of  sees.  19  and  24 
begins  an  inter^tiug  series  of  gneisses,  diorites,  and  pyrosenic  schists 
of  a  markedly  gabbroid  character.  Through  Minnesoto  Falls  and 
Granite  Falls  a  snocession  of  folds  can  be  traced  in  which  this  series  of 
interbedded  gneisses  and  schists  dips  alternately  S.  and  N.  at  angles 
asually  less  than  35°.  To  the  south  of  Minnesota  Falls  the  dip  is 
southerly,  changing  to  northerly  in  Minnesota  Falls  itself.  In  Granite 
Falls  the  dip  again  ohanges  to  a  southerly  direction,  and  this  in  turn 
gives  place  to  a  northerly  .dip,  as  the  long  series  of  billowy  masses  of 
crystalline  rocks  finally  disappears  under  the  masses  of  glacial  drift 
and  river  silt  which  conceal  all  the  rock  exposures  between  the  northern 
part  of  Granite  Falls  and  Montevideo. 

The  gneissic  rocks  take  the  leading  place  in  point  of  area  nuderlain. 
In  textare  and  composition  they  exhibit  some  modifications  which  are 
of  interest.  They  are  nowhere  granitoid.  The  lamination  la  clear  and 
distinct,  with  a  strike  varying  little  for  many  miles,  being  ElirE.-WSW. 
The  color  is  gray  or  reddish  gray,  and  the  texture  medium  grained. 
The  proportion  of  quartz  among  the  mineral  constituents  is  very 
high.  The  feldspathic  constitaent  is  largely  plagioclastic,  of  the  soda- 
lime  variety,  and  in  places  is  somewhat  kaolinized,  thus  giving  a 
bleached  appearance  to  the  mineral.  The  kaolinization  seems  to  per- 
vade orthoclase  and  plagioclase  alike.  The  basic  minerals  are  both 
hornblende  and  biotite,  the  former  predominating. 

On  the  north  side  of  the  river,  in  sec.  28,  T.  116  N.,  B.  40  W.,  a  great 
many  small  garnets  appear  within  the  gneissic  rocks.  These  show  all 
stages  of  alteration  into  biotite;  and  biotite  remote  from  the  garnet 
patohes  is  comparatively  rare. 

Inclusions  and  bauds  of  hombleude-angite-achist  are  rather  frequent 
in  the  gneisses. 

As  shown  by  microscopical  examination  {see  pp.  85-93)  the  dark- 
colored  rocks  of  this  locality  are  schistose  gabbros.  So  far  as  can  be 
seen  these  schistose  gabbros  conform  in  position  ;with.$b9,  i^LBJ^sea  and 
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diorite- schists.  They  cany  numerous  garnets.  At  the  anrfaoe  the 
angiteis,  to  a  considerable  extent,  altered  to  biotite.  It  is  probablpi  that 
the  garnets  also,  by  their  decomposition,  have  added  materially  to  the 
amount  of  biotite  present  in  the  rocks.  In  the  deeper  beds  the  schiatu 
have  a  fresher  look.  They  carry  little  biotite,  bnt  are  rich  in  horn- 
blende. A  heavy  stain  of  ferric  oxide  is  everywhere  present  on  the 
weathered  surfaces,  both  of  the  sarAcial  rock  and  along  iotemal  frac- 
tnres  exposed  in  qnarries  and  railway  and  highway  cats. 

Evidences  of  water  erosion,  potholes,  tortaoas  grooves,  etc.,  are  fonnd 
at  a  considerable  height  above  the  present  river. 

This  district  can  not  be  passed  withont  mentioning  the  bed  of  gab- 
bro-schist,  described  in  detail  on  pages  87  and  88,  which  occurs  in 
Bee.  32,  T.  115  N.,  E.  40  W.,  1,760  paces  N.,  250  paces  W.  It  covers 
an  area  of  small  extent,  the  exposed  surfoce  being  only  25  paces  long 
and  20  paces  wide.  Over  its  whole  sarface  this  rock  is  profusely  veined. 
While  its  contact  with  the  snrrounding  rocks  can  not  be  seen,  it  is  no 
doubt  conformable  with  the  beantifuUy  contorted  gneiss  which  stands 
ont  to  view  only  40  paces  to  the  north.  The  gabbro-schists  throughout 
the  district  present  as  pronounced  a  lamination  as  do  the  gneisses 
themselves.  In  color  they  vary  from  dark  green  to  black,  and  they 
fade  ont  very  perceptibly  on  weathering.  These  rocks  are  further  des- 
cribed on  pages  85-93. 

All  the  rocks,  gneisses  and  gabbro-schists,  are  cat  throngb  by  tbe 
dikes.  The  number  of  dikes  crossing  the  valley  through  this  district 
is  large.  There  is  great  diversity  in  their  width  as  well  as  in  their 
massiveness  and  texture.  They  have  one  general  direction,  from  the 
northeast  to  the  southwest,  but  locally  the  direction  varies  to  some 
extent  All  these  dikes  are  diabasic,  or  were  originally,  although 
many  of  them  are  now  much  altered.  The  change  is  more  marked  in 
the  southern  portion  of  the  area.  This  difference  may  be  due  to  a  long 
time  interval  between  the  intrusion  of  the  dikes  of  the  southera  and 
northern  areas. 

Veins  are  i^aently  seen  in  all  the  different  rocks  of  this  district. 
Tbe  coarse  granitic  material  of  several  of  the  veins  is  noticeable, 
while  the  milky  quartz  veins,  which  are  not  infrequent,  have  been  foand 
to  carry  traces  of  gold.  Mnch  qnartz,  in  lenticular  masses  or  segrega- 
tions, is  to  be  seen  in  these  rocks,  as  well  as  in  the  deposited  masses  in 
the  areas  bordering  the  fissures. 

While  there  is  no  evidence  at  hand  to  show  that  the  rocks  of  this 
district  are  eraptive,  all  indications,  if  any  ever  existed,  of  a  sedimen- 
tary origin  for  any  of  them,  whether  basic  gabbro  schists,  semi-basio 
diorites,  or  acidic  gneisses,  have  been  obliterated  in  the  subsequent 
transformations  through  which  they  have  passed.  The  characters  of 
every  class  of  rock  in  tbe  area  are  such  that  most  geologists  would 
regard  them  as  evidence  of  eruptive  origin.  All  evideuces  of  any  differ- 
ent condition  at  any  previous  geologic  period  point  to  the  alteration 
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of  some  other  oryatalline  rock  rather  than  to  the  npbnildiug  from  an 
originally  clastic  mass  into  the  present  perfectly  crystalliae  condition. 
Still,  no  undoabted  evidence  of  eruptive  origin  exists  here.  Lawson 
has  pointed  this  out'  in  the  case  of  similar  rooks  in  his  npper  division 
of  the  Archean  rocks  of  Ontario. 

The  area  abont  UinneBota  Falls  has  been,  at  least  twice  within  its 
geologic  history,  the  scene  of  profoand  volcanic  distarbances.  At  the 
first,  great  qaantities  of  rock  were  intruded.  At  le^t  a  portion  of 
these  rocks  was  basic.  Daring  the  profound  foldings  which  the 
Archean  orast  has  undergone  throughout  the  eutire  Northwest,  these 
rocks  were  made  schistose  and  were  infolded  with  the  associated  acidic 
and  gneissic  rocks.  It  was  after  such  folding  that  another  period  of 
volcanic  activity  ensaed,  and  dike  after  dike  of  basic  material  appeared. 
Whether  an  overflow  of  extensive  beds  of  this  dike  material  occorred 
can  not  be  determined,  but  the  probabilities  are  negative;  nor  will  it 
be  known  whether  all  these  dikes  were  formed  at  the  same  epoch. 
Observations  have  not  shown  any  two  dikes  crossing  each  other,  and 
this  bears  strongly  against  saccessive  epochs  of  intrusion.  Many 
things  point  to  the  probable  Keweenawan  age  of  these  outbreaks. 
Whether  the  Minnesota  River  Valley  dikes  be  or  be  not  of  Keweenawan 
age,  this  mnch  at  least  can  be  said,  the  Oambrian  rocks  of  the  North- 
western States  have  not,  up  to  this  time,  disclosed  a  single  dike  of 
volcanic  material.  On  the  other  hand,  in  many  places  rocks  unques- 
tionably of  igneous  origin  have  been  discovered  beneath  the  horizontal 
sandstones,  shales,  and  dolomites  affirmed  by  all  paleontologists  to  be 
of  Cambrian  age. 

MONTEVIDEO  DISTRICT. 

In  the  western  part  of  Chippewa  County  there  is  an  area  of  biotite 
gneissic  rocks  of  sufficient  interest  to  receive  attention.    (See  PI.  XI.) 

At  Montevideo  the  gneiss,  which  is  strongly  banded,  has  a  red  color. 
The  strike  in  the  vicinity  is  very  nearly  KE.-SW.,  with  a  uniform  dip 
varying  from  30°  to  50<^  SE.  The  surfaces  of  the  rocks  are  much 
waterwom,  more  even  than  at  Qranite  Falls.  Potholes  and  irregular 
grooves  are  nnmerous.*  One  of  the  potholes  is  at  least  8  feet  deep  and 
3  feet  in  diameter.  Deposits  of  modified  drift  surround  these  wora 
surfaces.  In  many  places,  as  at  Montevideo,  these  evidences  of  water 
erosion  are  at  a  considerable  height  above  the  present  river,  being  at 
least  60  feet  at  a  railway  cut  near  Montevideo,  and  not  less  than  three- 
fourths  of  a  mile  distant  from  its  channel. 

The  pecnliar  kaolinized  gneiss,  which  occurs  in  many  places  farther 
down  the  river,  seems  here  to  have  entirely  disappeared,  the  last 
exposures  of  such  kaolinized  gueiss  occurring  at  Granite  Falls,  at  the 

■IhelnUniBt  relaliou  ud  Uionoiny  of  the  Arctaeu  of  centnl  Canada,  fayA.  C.  Lawaon:  Boll. 
G«ol,  Soc.-Amerlca.  Vol.  I,  IBM,  p.  ITS. 

'Owlogy  of  Swift  and  Cbippevaiiinaillea,b;WuTeii  Upbani:  0«ol.  Kat.Hist.SBTTayUliiMMl«. 
Vol.  11,1168,  p.  213.  L,j  ,.:  .,  ,  ^.._....  ^.., 
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comer  of  Prentice  and  Thursey  streets,  and  in  a  gorge  opposite  Minue- 
sota  Falls,  on  the  north  side  of  the  Minnesota  Biver,  in  the  west  half 
of  sec.  2,  T.  115  N.,  E.  39  W, 

Dikes  occur  having  a  NE.-SW.  direction,  as  in  the  Granite  Falls 
district,  which  show  some  interesting  phases  of  composition.  Taken 
as  a  whole  they  are  not  so  much  altered  as  at  Granite  Falls.  Some  of 
them  are  heavily  loaded  with  qnartz.  Their  coarseness  varies  with 
tbeir  width. 

At  two  or  three  localities  in  this  district  the  gabbro-schist  rocks 
appear.  One  locality  is  near  the  line  between  sees.  IS  and  19,  T.  117 
'S.,  R.  40  W.,  wherb  the  rocks  stand  iu  rounded  knobs  30  feet  or  more 
above  the  river.  There  seems  to  be  in  this  exposure  an  abnormally 
large  amoant  of  quartz.  The  presence  of  this  mineral,  bearing  every 
evidence  of  infiltration,  is  probably  the  canse  of  the  resistance  to 
erosion  shown  by  these  knobs,  for  the  rocks  around  them  have  been 
eroded  to  a  depth  wliich  must  be  considerably  below  the  surface  of  the 


Fig.  t.— ConUct  nf  Knnlle-gnBln  ud  harubleDdic  hjpentbuie'gkbbro'SGbiit  dmu  UonteTldeo. 

present  alluvial  beds  of  the  river  valley.  Another  interesting  exposure 
of  this  type  of  rock  was  seen  in  sec.  31,  T.  118  N.,  R.  40  W.,  2^  miles 
dae  north  from  Montevideo. 

The  area  is  small,  only  60  paces  long  and  30  paces  wide.  The  rock  is 
dark  gray,  somewhat  imperfectly  laminated,  and  of  medium  texture. 
The  strike  of  the  laminie  is  N.  30°  E.,  and  their  dip  55°  SE..  The  1am- 
iD£  are  bent  Rufficieutly  to  give  a  wavy  appearance,  but  not  enough  to 
make  a  contorted  schist.  Indeed,  nowhere  in  the  valley  have  these 
gabbro-scbisbi  exhibited  a  degree  of  irregularity  iu  direction  of  lam- 
ination that  would  entitle  them  to  be  called  contorted.  (See  flg.  6.) 
^Vhilethe  gneisses  are  contorted  in  many  places,  this  condition  has 
nevei  been  noted  where  the  gabbroids  occur  in  proximity.  In  mineral 
composition  this  rock  is  a  horubleude-hyiiersthene-gabbro.  It  is  f\illy 
deacribed  in  Chapter  V. 

u,,,  ,...i,yGoo^^k' 
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LAC   QUI    PARLE   DISTRICT. 

For  several  miles  above  MoDtevideo  there  are  few  rocks  iii  sight. 
The  bluffs  on  either  side  of  the  Minnesota  River  slope  off  in  smooth 
and  rounded  outliuea  from  the  prairie  level  to  the  bottoms,  a  descent  of 
about  100  feet.  Lac  qui  Parle,  the  "  Echo  Lake"  of  the  ludiaoB,  is 
simply  a  broadening  of  the  Minnesota  Biver  for  sereral  miles  of  its 
course,  as  the  resnlt  of  a  dam  of  silt  deposited  across  the  valley  by  the 
Lac  qui  Parle  Biver,  which  empties  iuto  the  MinneBota  some  little 
distance  below  the  foot  of  Ijoc  qui  Parle.    (See  PI.  XII.) 

The  sloping  and  rounded  blufl^  on  opposite  sides  of  the  river  are 
from  1  to  3  miles  apart.  With  the  long:  lake  and  the  meadows  between, 
these  bluffs  outline  a  landscape  of  rare  beaaty.  Along  the  north  side 
of  the  lake  there  is  a  large  tract  which  is  in  much  of  its  extent  rather 
Bwamplike  and  in  times  of  flood  is  covered  with  water.  A  great 
portion  of  it,  however,  makes  highly  productive  farms.  The  rocks 
thronghout  the  vtJIey  are  inostly  covered.  The  few  exposures  show  a 
gneiss  with  distinct  lamination,  having  a  strike  N.  70°  B.,  with  a  dip 
as  high  as  80°  SE.  Most  of  the  rock  is  a  hornblende-biotite-gneiss. 
It  is  microscopically  described  in  Chapter  IV.  There  are  both  finely 
textured  and  coarsely  textured  gneisses  in  this  district.  Tlie  exposures 
at  the  lower  end  of  the  lake  and  along  its  south  side  seem  to  be  much 
the  finer  and  lighter  colored. 

Everywhere  the  rocks  carry  an  unasnal  number  of  veins.  These 
veins  are  sometimes  several  feet  across,  and  again  almost  of  paper 
thinness.  In  places  they  are  quartz,  and  elsewhere  they  ore  granitic 
in  composition.  The  quartz  veins  iire  seldom  of  great  width,  and  as  a 
rule  are  leuticolar  within  the  laminiu  of  the  inclosing  gneiss. 

ORTONVILLE  DISTRICT. 

Passing  from  Lac  qui  Parle  toward  the  Odessa  district,  on  the  north 
side  of  the  valley,  one  finds  no  exposures  between  those  in  sec.  32,  T. 
110  K.,  B.  42  W.,  and  those  in  sec.  20,  T.  120  N.,  B.  44  W.  In  the  Marsh 
Lake  area  large  masses  of  gneissic  rocks  ap^iear  on  both  sides  of  the 
river.  Their  position  seems  to  mark  an  ancient  channel  of  the  glacial 
River  Warren.  The  large  rounded  knobs  show  beautifully  glaciated 
cnrfaces,  with  striiB  nearly  parallel  with  the  course  of  the  valley. 

In  the  center  of  this  district  (PI.  XIII),  along  a  line  estending  from 
sec.  31,  T.  121  N.,  11.  44  W.,  in  a  SW.  direction  through  sees.  9  and  15, 
T.  120  S.-,  B.  45  W.,  there  seems  to  be  an  axis  of  a  subordinate  anti- 
cline; at  least  to  the  east  of  this  line  the  dip  of  the  schistosity  is 
Bontbeasterly,  while  to  the  vest  for  seraral  miles  there  is  a  northwest- 
erly dip.  Within  the  townships  just  named  there  is  considerable 
diversity  in  the  character  of  the  rocks.  The  larger  portion  is  a  horn- 
b leude- bio tite- gneiss  with  interlaminated  bands  of  bintitic  schist. 

In  sec.  a,  T.  120  N.,  B.  45  W.,  there  stand  two  or  threejcoobs  of  a  bio- 
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titic  quartz-pyroxene-schiat.  So  far  as  mineral  couatitiieiits  are  con- 
cerned, this  rock  is  very  similar  to  the  gabbroid  schists  from  the  several 
localities  in  the  valley  already  mentioned. 

We  have  here,  as  well  as  iu  the  districts  already  described,  rocks 
which  for  couvenience  have  been  termed  "ttqueezed  eruptives"  by  the 
lithologiste  who'  have  studied  them  for  other  regions.  Large  areas  of 
rocks,  possibly  spread  ont  as  flows  of  igneous  matter,  together  with 
rocks  of  difi'erent  chemical  and  mineral  composition,  were  squeezed  in 
the  continental  movements  subsequent  to  their  extrusion  to  such  an 
esteii".  that  a  schistose  structure  was  induced.  Subsequent  conditions 
have  DO  doubt  played  their  part  in  bringing  these  rocks  to  their  present 
ID  iu  era  logical  and  structural  states.'  The  tine  crumpling  so  often  seen 
in  this  structure  is  absent  iu  the  schistose  rocks  of  the  Minnesota  Biver 
Valley. 

In  the  old  gorge  of  the  River  Warren,  in  sees.  9,  16,  and  16,  T.  120 
H.,  B.  45  W..  aronud  the  mouth  of  the   Yellowbauk,  a  small  creek 


which  enters  the  Minnesota  Biver  uear  this  place,  are  some  interesting 
alteruations  of  gneiss  and  biotite-schist,  though  so  small  a  part  of  the 
rocks  of  this  looaUty  is  iu  sight  that  only  occasional  glimpses  of  them 
could  be  gained.  The  two  types  of  rock  are  interlaminated,  some- 
times in  belts  several  feet  in  width  and  sometimes  in  bands  less 
than  an  inch  wide;  while  lenticular  inclusions  of  the  schists  in  the 
gneiss  are  frequently  to  be  seen.  Fig.  T  shows  this  relation.  Here 
and  there  a  pegmatitic  condition  of  the  more  feldspathic  guoissic  por- 
tions stands  out  in  sharp  contrast  with  the  bordering  schistose  belts. 

The  gneissic  condition  is  evidenced,  not  in  the  ordinary  lamination 
presented  by  alternating  biotitic  and  feldspathic  bands,  which  as  a 
rule  characterize  the  gneisses  of  this  valley,  but  in  the  prevailiog 
direction  of  the  large  and  xwrpbyritic  feldspar  crystals. 

Aronud  Odessa  are  several  gueissic  exposures  of  interest.  To  the 
east,  where  the  Ohicago,  Milwaukee  and  St.  Paul  Bailway  comes  down 
from  the  prairie  around  Appleton  and  Corretl  to  the  river  bottoms, 
which  it  follows  from  Odessa  to  Ortonville  and  Bigstone,  the  gneisses 
outcrop  iu  fresh,  firm  masses. 

I  Ovology.  Cbeniiiail.  l'bjnio«l,»nd  Sirmigraphlcal,  bj-  Joseph.  Prostwlch,  Vol.  1, 1888,  p.  aTO. 
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In  aec  31,  T.  121  N.,  R.  44  W.,  700  paces  N.,  1,350  paces  W.,  within  a 
few  paces  of  milepost  168  of  tbe  railroad,  a  porphyritic  granite  Sind 
gDeiBS  appear,  with  iocIasionB  of  schist.  The  main  mass  of  the  expos- 
ure is  gneiss;  in  places  it  <s  granitic.  Tbe  feldspar  crystals  are  fre- 
quently 1^  inchca  in  length.  Their  color  is  a  light  pink,  and  tbey 
abonnd  in  inclusions  of  quartz  and  even  of  other  feldspars.  Sulphide 
of  iron  is  so  abundant  that  almost  every  fresh  fracture  discloses  it. 
The  species  is  presumed  to  be  marcasite,  since  it  readily  decomposes 
on  exposure  to  the  air  and  covers  the  rock  surfaces  with  an  iron  rust. 
The  schist  inclusions  exhibit  a  fine-grained  dark-colored  hornblende- 
biotite  rock  with  secondary  dne-grained  quartz  and  several  feldspars. 

Only  300  paces  from  milepost  169,  in  sec  36,  T.  121  N.,  B.  45  W.,  is 
another  set  of  exposures  showing  similar  types  of  rock.  A  distiiict 
gueissic  structure  prevails,  the  lamination  running  S^.  20°  E.,  with  a 
SE.  dip.  Schistose  inclusions  abound.  In  this  respect  these  exposures 
are  essentially  the  same  as  the  large  bowlder  mentiooed  by  Upham, 
and  referred  to  on  the  nest  page. 

In  the  low,  swampy  area  along  tbe  river,  south  of  the  knobs  just 
located,  are  many  outcrops  of  gneissic  rock  almost  identical  with  those 
near  the  railroad,  just  noted.  In  places  a  sharp  lamination  is  seen, 
and  again  the  rock  becomes  so  granitic  that  it  is  only  in  the  paral- 
lel position  of  the  feldspar  individuals  that  any  gneissic  structure  is 
disclosed. 

A  short  distance  west  of  the  station  at  Odessa  several  small  knobs 
occur,  different  in  no  essential  particular  from  the  gneiss  and  granite 
near  mileposts  168  and  169,  above  mentioned.  The  word  "granitoid" 
well  describes  the  texture.  The  strike  of  the  masses  is  nearly  N.-S., 
and  the  dip  is  40°-45°  E.  The  rock  as  a  whole  is  not  in  so  good  a  state 
of  preservation  as  that  nearer  the  river — a  fact  very  commonly  noted 
in  rocka  lying  along  river  courses. 

Within  the  3  miles  of  the  valley  immediately  below  Ortonville  there 
are  many  large  areas  of  a  granitoid  gueiss.  The  rocka  generally  dip 
toward  the  northwest  at  a  bigh  angle.  This  gneiss  has  a  prevailing  red 
color  (see  PL  XVI,  A),  varying  at  times  to  gray  through  tbe  increase 
in  the  quantity  of  biotite  and  hornblende.  The  feldspar  crystals  are 
frequently  large.  Below  the  railway  station  at  Odessa  are  two  or 
three  glacial  moraines  which  carry  an  enormous  amount  of  granitic 
and  schistose  material.  Bowlders  of  these  rock  types  constitute  a 
large  portion  of  the  material  in  many  places.  The  proportion  of  the 
crystalline  rocks  in  this  glacial  debris  is  evidence  of  enormous  glacial 
erosion  of  tbe  Archeao  rocks  lying  in  the  region  stretching  north- 
ward and  northeastward  from  the  Minnesota  River,  Warren  TTpham 
mentions  this  accumulation  of  bowlders,*  and  explains  it  as  amorainic 
plain  whose  material,  accumulated  in  an  early  e|>och  of  the  great  Ice 
age,  was  partly  buried  beneatli  the  debris  of  subsequent  southeast- 
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ward  extensions  of  the  ice.  The  sorfiwe  of  this  plain  stands  50  to  7S 
feet  above  the  river  and  50  feet  below  the  top  of  the  blaffs,  or  the  gen- 
eral prairie  level.  The  bowlders  composing  this  debris  are  qoite  large 
in  places.  TTpham  mentions  one  30  feet  or  more  in  diameter,  and 
another,  of  gray  granite,  meaanriug  20  feet,  "in  which  are  seen  at  one 
side  several  fragments  of  horublende-achist  op  to  3  and  4  feet  in  diam- 
eter." '  The  writer  and  his  assistant,  Mr.  J.  E.  Manchester,  took  a  mid- 
day lonch  in  the  shade  of  a  bowlder  of  granitoid  gneiss  lying  near 
theblnff  on  the  sonth  side  of  sec.  11,  T.  120  S.,  R.  46  W.,  wbioh  measured 
15  feet  In  height,  34  feet  iu  width,  and  43  feet  in  length.  Its  weight 
was  estimated  to  be  over  100  tons. 

In  this  mass  of  glacial  drift- there  is  mach  fine  material,  apparently 
to  some  extent  calcareous,  intermingled  with  occasional  calcareons 
bowlders.  Most  of  this  calcareous  material  has,  no  doubt,  been  torn 
from  the  Minnesota  shales  and  limestones  of  Cretaceons  age. 

Tbe  snr&oes  of  the  granitoid  gneiaaes  immediately  below  Ortonville 
are  well  worn  and  roanded  by  glacial  erosion.  Indee<l,  no  better  exhi- 
bition of  the  roches  montonn^es  of  glaciated  districts  can  be  seen  in 
tbe  whole  valley.  Any  nnevenness  in  the  hardness  of  the  rock  is 
clearly  indicated  by  the  grooves  and  protuberances  on  tbe  suribce. 
The  direction  which  the  ice  took  dowu  the  Minnesota  Biver  Valley 
was  almost  the  course  of  the  present  stream.  There  ia  no  donbt  that 
the  Biver  Warren  occupied  the  same  coarse.  The  grooves  and  strite 
which  indicate  this  direction  can  be  distinctly  seen  on  the  surface  of 
almost  every  rock  within  the  first  3  miles  below  Ortonville,  and  also  in 
tbe  old  river  channel  now  in  part  occupied  by  the  unruly  and  tortuous 
stream,  Yellovbank  Greek,  which  empties  into  the  Minnesota  Biver  on 
the  south  side  of  sec.  34,  T.  121  If.,  B.  46  W. 

To  the  southwest  of  Ortonville,  in  sec.  16,  T.  121  K.,  R.  46  W.,  stands 
a  considerable  mass  of  granitic  gneiss,  which  is  the  most  westerly 
exposure  of  this  rock  now  known  in  this  valley.  Indeed,  this  ia  tbe 
last  granitic  ontcrop  in  tbe  whole  ^Northwest  nntil  the  great  uplift  of 
the  Black  Hills  of  South  Dakota  is  reacbed.  Deep  wells  bored  in  sev- 
eral South  Dakota  towns  to  the  west  and  southwest  show  these  rocks 
at  from  60  to  100  feet  below  the  surface.  Millbank,  10  miles  west  of  the 
Minnesota  State  line,  has  bored  several  wells  with  that  result. 

REDWOOD  RIVER  VALLEY  DISTRICT. 

Having  passed  in  brief  review  the  most  notable  rock  exposures  of 
the  valley  as  they  lie  bounded  on  either  side  by  tbe  sharp  ridgea 
of  morainic  material,  we  will  now  note  the  few  outcrops  of  crys- 
talline rocks  known  to  stand  upon  the  prairies  to  the  south  and  west 
of  the  Minnesota  Biver  and  north  of  the  quartzitea  which  are  probably 
continuous  fcom  Oourtland  to  Pipestone.  The  gorge  of  the  Bedwood 
Biver  from  the  south  border  of  the  Minnesota  Biver  bottoms  into  the 
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middle  of  the  city  of  Bedwood  Falls  is  oae  of  great  uatoral  beauty  and 
iDterest.  The  rock  is  a  gnwss,  so  altered  in  places  that  it  has  become 
an  impure  kaolin,  sometimes  green  aud  sometimes  red.  From  that 
completely  changed  coudittoD  to  oue  of  a  fresh  and  tolerably  firm 
building  stone  there  is  a  well-graded  aeries.  Cretaceous  beds  overlie 
these  gneisses  in  places.  The  length  of  the  gorge  must  be  at  least  2 
miles,  although  the  airline  distance  Is  considerably  less.  At  the  head 
of  this  gorge  is  a  cascade  25  or  more  feet  iu  height.  (See  PI.  VII.) 
The  rock  here  is  much  fresher  than  at  points  farther  down  the  stream. 
Above  this  principal  cascade  are  several  rapids  where  the  water 
tumbles  over  doors  of  gueiss.  Beyond,  a  few  hundred  paces,  uo  rooks 
appear,  save  occasioual  bowlders,  until  miles  of  the  slowly  ascending 
prairie  have  been  traversed. 

Beyond  the  falls  of  the  Bed  wood  Biver  in  the  city  of  Redwood  Falls 
one  loses  sight  of  all  rocks,  the  bed  of  the  Redwood  Biver  resting  upon 
the  glacial  till  of  the  prairies.  Artesian  and  deep  wells  sunk  in  Bed- 
wood  Falls  and  several  places  on  the  prairie  to  the  west,  whenever 
deep  euoagh,  pass  entirely  through  the  glacial  drift  and  all  other  frag- 
mental  deposits  and  disclose  the  gneissic  rocks,  which  lie  at  depths  vary- 
ing from  a  few  feet  to  300  or  400  feet.  So  it  may  be  positively  maintained 
that  gueissic  rocks  underlie  the  whole  district.  In  three  or  four  town- 
ships south  of  the  river  small  areas  of  gneiss  are  seen  at  the  sorEace 
(PI,  XY).  These  are  all  areas  of  a  distinctly  laminated,  very  quartz- 
ose,  hombleDdic,  and  biotitic  grn^'ss,  in  places  considerably  contorted. 
Their  surfaces  are  unusually  well  preserved.  They  mnst  stand  from 
1,050  to  1,200  feet  above  the  sea,  and  thoa  between  200  and  350  feet 
above  Bigstone  Lake,  which  is  practically  the  head  of  the  valley. 
Where  the  covering  of  glacial  debris  has  been  but  recently  removed, 
beautifully  polished  surfaces  are  disclosed.  In  sec  32,  T,  113  K.,  R. 
3S  W.,  the  glacial  striie  show  a  direction  S.  65°  E. 

POST-CAMBRIAN  DEPOSITS. 

In  the  Morton  and  Beaver  Falls  districts  (Pis,  V  and  VI)  there 
are  several  exposures  of  supposed  Cretaceous  sandstones  and  shales. 
Along  the  Minneapolis  and  St.  Louis  Bailroad,  from  the  prairie  town 
of  Franklin  down  to  the  river  bottoms  at  Morton,  several  cuts  have 
been  made  in  a  medium-grained  white  sandstone.  Beside  the  wagon 
road  between  the  Franklin  station  and  the  bottoms  in  sec.  10,  T.  113  y,, 
B.  35  W.,  in  the  blufl's,  where  the  glacial  debris  has  been  removed  in 
the  construction  of  the  highway,  there  are  exposures  of  a  white  sand- 
stone. Again,  in  the  gorge  of  Birch  Oooley  Creek,  on  the  line  between 
sees.  32  and  33,  and  also  just  above  the  old  mill  in  sec.  28,  all  in  T.  113 
N,,  B.  34  W,,  are  expc^ures  of  horizontal,  well-bedded  white  sandstone 
of  medium  grain  and  slight  induration.  These  exposures  are  undoubt- 
edly a  continuation  of  the  same  beds  that  are  seen  along  the  railroad 
at  the  same  aud  somewhat  lower  attitudes.    The  exact  thickness  of 
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this  saodstOQe  can  not  be  stated,  but  aowlLere  is  aa  exposure  more 
than  12  or  15  feet  thick. 

In  sec  5,  or  vicinity,  T.  112  N.,  R.  34  W.,  there  ie  reported  "an 
exposure  of  sandy  marl,  borizontally  stratifled,  seen  in  the  road  that 
descends  irom  the  Lower  Sioux  Agency  to  the  ferry  [acroes  the  Minne-  - 
seta  Rirer]," '  Along  Orow  Creek  shales  appear,  and  along  the  Bed- 
wood  River  both  shales  and  seams  of  lignite  occur.'  These  CretAceons 
rocks  are  not  well  compacted.  The  exposures  stand  at  some  little 
height  above  the  river,  and  appear  to  rest  in  protected  spots  where  the 
higher  gneissic  blafT  protected  them  from  glacial  erosion.  This  rock 
was  flrst  observed  by  Keating,'  who  mentions  a  Que  white  sandstone 
as  forming  the  bluffs  at  a  place  corresponding  to  this  portion  of  the 
valley.  "In  the  sandstone  exposures  I  saw  no  fossils,  nor  were  other 
foots  observed  which  conld  bear  on  geological  age."  Geographical 
Bitnation  and  lithological  characters  naturally  assign  them  a  place 
with  the  beds  along  the  Cottonwood  River,  already  mentioned  in  the 
discoBsion  of  the  Kew  Ulm  area  in  the  Cretaceoos.* 

The  lignites  have  at  various  times  excited  considerable  local  interest, 
bat  all  efforts  at  profitable  working  have  been  tfans  far  in  vain.*  No 
systematic  exploration  has  yet  been  done  to  determine  the  economic 
value  of  the  deposits  or  to  work  out  the  fauna  or  flora. 

Between  the  qnartzite  exposure  near  Bedstone  and  the  "basal  con- 
glomerate"  of  sec.  27,  T.  110  if.,  B.  30  W.,  and  near  the  line  between 
sees.  27  and  32,  there  is  a  bed,  apparently  thin,  of  poorly  compacted 
limestone  intermingled  with  shales  and  sand.  On  the  south  side  of  the 
Minnesota  River,  in  a  terrace  stretching  to  the  southeast  nearly  par- 
allel with  the  river,  is  another  deposit  of  the  same  lithological  character. 
K^o  donbt  the  two  deposits  are  portions  of  the  same  bed,  which  has  been 
cut  in  two  by  the  Minnesota  River.  The  present  existence  of  this  lime- 
stone is  doobtless  due  to  the  protection  afforded  by  the  qnartzite  bluffs 
to  the  north  and  east,  which  stand  considerably  higher  than  any  lime- 
stone exposures  observed.  The  rock  is  used  for  making  lime  at  several 
kilns.  As  taken  from  the  quarries  its  appearance  is  peculiar.  It 
occnrs  in  corroded  and  vesicular  blocks  and  in  crystalline  masses. 
The  color  of  these  masses  on  freshly  fractured  surfaces  is  seldom 
uniform,  but  vai-it's  ftom  white  to  brown.  It  does  not  appear  to  be  an 
extensive  formation,  either  in  thickness  or  in  area. 

Along  the  Big  Cottonwood  River,  to  the  west  of  the  exposures  named, 
and  probably  separated  from  them  by  river  and  glacial  erosion,  are 
beds  of  sandstone.    They  are  horizontal,  f^rly  well  bedded,  nnevenly 
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teztared,  and  generally  white  in  color,  although  some  of  the  layers  are 
brown,  particularly  in  the  center  of  the  exposed  beds  of  the  river  ^rge 
in  sec.  36,  T.  110  N.,  R.  31  W.  At  this  location,  in  the  lenticular  layers 
of  aandstoue  on  the  north  Bide  of  the  river,  where  a  shady  condition  ia 
favorable  for  their  preservation,  many  fossil  leaves  have  been  found. 
These  are  PopuUtes  elegans  Lesq.,  P.  litigMstu  Lesq.,  Mcu-i  auatiniana 
liOaq,, Magnolia  alternana  Heer,  Protophyllum  credneroides  Lesq.,  P.  inter- 
Ijierrimum  Lesq.,  and  Laurus  plutonia  Heer,  indicating  that  the  rocks 
are  of  the  Dakota  formation  of  the  Cretaceous. ' 

In  general  the  data  regarding  the  stratigraphy  of  western  Minnesota, 
accnmnlated  through  the  records  of  deep  wells,  go  to  show  that  a  large 
portion  of  this  district  has  a  series  of  Cretaceous  beds  sandwiched 
between  the  drift  deposits  and  the  Paleozoic  and  pre-Paleozoic  forma- 
tions, which  extend  under  gronnd  westward  from  the  central  and  east- 
em  portions  of  the  State.  These  Cretaceous  beds  are  not  at  present 
of  great  thickness,  nor  are  they  of  uniform  (M)mpositiou  and  succession, 
as  is  shown  by  a  comparison  of  borings  from  different  localities.  This 
area,  being  doubtless  on  the  eastern  border  of  the  great  Cretaceous 
gulf,  could  never  have  received  the  enormous  sedimentation  which 
accumulated  through  the  western  portion  of  the  Dakotas  and  south- 
ward. The  present  thickness  of  the  Cretaceous  and  of  the  drift  accu- 
mulations together  represents  at  most  only  a  few  hundred  feet  of  sedi- 
ments. Owing  to  their  soft  character,  these  partially  compacted 
deposits  easily  yi<:lded  to  the  abraHive  action  of  Glacial  time.  It  can 
easily  be  noted  by  the  geologist  crossing  Minnesota  from  east  to  west 
that  the  character  of  the  drift  debris  gradually  undergoes  a  change. 
In  the  east  it  is  predominantly  siliceous.  The  pebbles  are  chiefly  from 
the  great  terranes  of  the  pru-Cambriau  aerjes,  and  where  calcareous 
pebbles  occur  they  seem  to  be  wrought  out  of  the  Cambrian  and  over- 
lying formations  of  the  Paleozoic,  their  fossils  proving  their  age.* 
Water  in  the  streams  Is  somewhat  bard,  yet  not  objectionably  so.  In 
the  west  a  fine  calcareous  sbalo,  seldom  appearing  in  large  bowlders, 
gives  a  different  texture  to  both  the  till  and  the  modified  drift.  The 
color  of  the  morainic  material  is  different.  Water  from  its  springs  is 
hard  and  far  from  pleasant  for  domestic  use.  Xear  Ortonville  are 
springs  which  yield  sufficient  quantities  of  the  carbonates  of  calcium 
and  magnesium  to  deposit  considerable  masses  of  travertine.  Traver- 
tine deposits  are  not  infrequent  in  the  upper  portion  of  the  valley. 
Magnesium  salts  and  other  comimunds  are  usually  seen  in  dry  weather 
as  efflorescences  covering  low  grounds  and  desiccated  sloughs  through- 
out western  Minnesota. 

Vorth  of  the  Ortonville  district  Paleozoic  limestones  and  fossils  con- 
stitute a  considerable  portion  of  the  drift  material.     At  Morris  and 

'  Ocalagjr  or  Brown  and  Uedwooil  couulim,  \iy  Waneii  TJpl 
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St  Fergns  Falls  large  numbera  of  fossils  have  been  fonud  and  identified 
as  Silnrian  and  Devouian  species.  Ihese  formations  underlie  and  are 
more  resistant  than  the  Cretaceous,  and  hence  they  mast  be  referred 
to  a  subordinate  place  in  our  search  for  the  source  of  the  material  of 
the  glacial  deposits.  Since  the  Cretaceous  ia  presnmed  still  to  remain 
over  much  of  the  area,  the  Paleozoic  may  also  be  presumed  stUl  to 
remain  beneath  it.  Upham  is  confident  that  it  does,'  and  that  the 
bowlders  we  find  represent  the  disruption  of  its  edges  only.  Suffice  it 
to  say  that  throughont  the  entire  valley  above  Courtland  no  exposures 
of  Paleozoic  rocks  were  seen,  and  do  Cretaceous  rocks  were  noted  in 
place  above  Bedwood  Falls, 

While  the  glacial  strise  seen  on  the  rocks  have  been  noted  from  time 
to  time  in  this  geographical  sketch,  the  following  table  may  be  found 
convenieut  as  containing  all  the  observations  made  in  the  explorations 
of  the  valley  by  the  writer  and  others,  so  far  as  their  observations  are 
at  hand.  The  writer  is  the  authority  unless  another  name  is  given. 
StikFting  at  BigBtone  Lake,  the  order  is  down  the  valley : 

Glacial  liria  obterved  in  iKe  Minneiola  Siver  fallen. 


3«.15,T.121N.,K.«W 

S«i.Z1,T.12IN„R.tew 

Sec.M,  T.  121N..K.«W 

B£.i  SW.l  HC2S.T.IZ1  N..R4S  W.. 

BisatnneLake 

NS.iBi!cl2.T.lS0N..It.4SW 

KW.  1  SW.  i  KO 18,  T.  120  N.,  R.  *S  W. . 
SE.  1  SK 1  »o.  22.  T.  120  N..  It.  45  W . . . . 
WW.  1  ME.  1  MO.  22,  T.  120  M.,  K.  <5  W . . 
8W.  i  HW.  i  tec  H,  T.  118  N.,  R.  *2  W . . 

Eait  Granite  FidU 

NE.iNE.i»ec.<.T.115N.,R.3BW.... 

N.lii«!,ll,T,115N.,  R.30W 

KW. )  SW.  1  aee, 

P«ieii.T.  IIJN..  R.3ftW 

Bcho,T.liaN..R.38W 

HE.  1 KE.  i  sec  32.  T.  1 13  N..  R.  38  V 
NW.iiee.H),T.l]3N.,  R.3SW.... 

BtiayerrslU 

SW,iNE.i8eo.30.T.112M.,R38' 
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CHAPTER   IV. 

ONEISSES. 
OBNERAL  CONSIDERATIONS. 

The  laminated  frranitic  locks  desifrnatecl  gneisses  constitute  the  great 
balk  of  the  cryBtalline  rocks  stretching  along  the  bottoms  of  the  Min- 
nesota Biver  Valley  between  New  Ulm  and  Ortonvilleand  standing 
in  a  few  Isolated  knobs  in  the  higher  prairie  district  south  and  west  of 
the  river. 

As  a  rock  type,  gneiss  probably  presents  more  rarieties  than  any 
other  known  si>ecies.  In  addition  to  all  the  chemical  and  mineral 
phases  which  the  granites  are  known  to  possess,  the  gneisses  exhibit 
all  the  modifications  which  the  lamination  of  a  rock  may  develop. 
Strncturally  a  series  is  recognized  from  the  granitoid  masses  where 
only  the  imagination  of  the  geologist  or  his  observations  covering 
extensive  rock  areas  can  distingaish  between  a  gneiss  and  a  granite, 
to  that  other  extreme  where  the  discrimination  between  a  gneiss  and  a 
schist  is  based  on  equally  uncertain  data.  As  Hager  truly  says  in  dis- 
cnsaing  the  granites  and  gneisses  of  Vermont:  "Cases  occasionally 
occur  when  it  is  very  difficult  to  decide  whether  the  rock  be  stratified 
or  not.  Even  those  rocks  which  all  geologists  concede  to  be  granites 
.  evince  such  a  disposition  to  split  in  certain  directions  that  the 
workmen  generally  regard  them  as  stratified  rocks." ' 

There  is  scarcely  a  step  in  the  stractural  series  of  gueissic  rocks  that 
is  not  represented  by  the  gneisses  of  this  valley.  The  granite-gneisses 
of  Ortonville,  Yellowbank,  and  Fort  Ridgely,  the  porphyroidal  expo- 
sares  of  Beaver  Falls  and  Odessa,  the  normal  and  strongly  banded 
masses  at  Morton,  the  schistose  bandsof  many  other  localities,  as  along 
the  lake  shore  below  Yicksburg  (sec.  29,  T.  114  N.,  B.  36  W.),  all  express 
certain  well-known  phases  of  this  rock  type. 

Some  exposnres  are  intricately  contorted  and  others  evenly  banded. 
The  rocks  of  some  localities  are  shattered  throngbout,  and  in  other 
localities  there  are  immense  areas  where  for  long  distances  no  fault  or 
joint  is  seen. 

In  mineral  composition  there  is  even  greater  diversity  than  in  struc- 
ture. In  the  valley  are  hornblende-gneiss,  hornbleiide-biotite-gneiss, 
angite-biotite-gneiss,  biotite-gneiss,  and  biotite-muscovite-gneiss,  with 
every  possible  transition  stage  between  them.  The  chemical  composi- 
tion varies  from  a  highly  siliceous  to  a  basic  gneiss. 

'  BoonomJal  geologj  of  Vermont,  by  A.  n.  Hager :  Ooolojiy  of  Veranml,  IMl,  Vol.  II,  Pt.  IX,  p.  TH. 


HJU1..1  GNEISSES.  47 

111  using  the  term  "  gneiss"  to  cover  rocks  with  so  great  a  range  of 
Btruutarat  aud  mineral  characters,  it  will  at  once  be  seen  that  its  appli- 
catioQ  most  be  mach  wider  than  that  given  it  in  the  early  daya  of 
geology.  Excluding  those  dioritic  and  gabbroid  rocks  which  are  some- 
times regarded  as  gneisses,'  there  remains  the  vast  series  of  laminated 
rocks  consisting  of  feldspar  of  several  species — without  exception  more 
than  one  is  present — quartz  in  one  and  two  generations,  the  micas  or 
hornblende,  or  both,  and  occasionally  some  other  representative  of  the 
bi^ioate  constitneots. 

The  investigations  made  by  the  writer  show  the  gneisses  of  the 
Mioneaota  Biver  Talley  to  be  peculiar.  They  ditTer  f^om  the  gneisses 
of  the  Muhl  circoit,  since  in  that  district  mascovite  predominates  in 
onedivisioD  and  biotite  in  the  other;*  from  the  Korean  gneisses,  which, 
according  to  Koth,  are  to  a  great  extent  biotitic  and  associated  with 
hornblende  and  other  schists;'  from  the  pyroxene  gneisses  of  Yarberg, 
which  Tomebohm  recently  described ;  *  from  those  of  Scotland,  described 
particularly  in  their  relation  to  the  attending  granite  by  J.  J.  H.  Teall;* 
from  the  varieties  of  Vermont  gneisses  enumerated  by  Hitchcock;* 
from  the  gneisses  of  'Sew  Hamiwhire  described  by  Hawes,^  and  irom 
the  homblendic  gneisses  of  the  Farmington  Canyon  mentioned  by 
King." 

The  geologic  age  of  the  rocks  under  discussion  can  only  be  assumed. 
The  fact  that  they  are  geographically  isolated  from  every  other  district 
where  similar  crystalline  rocks  occur  has  already  been  emphasized. 
The  glacial  drift  everywhere  spread  over  them  conceals  their  relations 
to  the  hornblende-biotite-granites  of  the  Sauk  Biver  Valley  to  the 
northeast,  and  to  the  epidote-granites  of  Ashley  and  Ward  to  the  north. 
Their  stratigraphic  relation  to  the  quartzites  of  Gonrtland  and  south- 
western Minnesota  has  already  been  pointed  out.  Cretaceous  lime- 
atones  around  Sew  Ulm,  and  sandstones  and  shales  below  Bedwood 
Falls,  in  the  Birch  Cooley  Gorge,  aud  toward  Franklin,  lie  close  to 
them,  if  not  immediately  upon  them.  They  are  believed  to  represent  a 
portion  of  the  vast  stretches  of  Archean  rock  formations  underlying 
Minnesota  and  the  neighboring  States  of  Wisconsin,  Iowa,  and  the  two 
Dakotas. 

By  means  of  artesian-well  borings  made  in  many  portions  of  the 
States  named,  the  crystalline  rocks  have  been  discovered  and  their 

I  British  PdtiDgnpbj.  bj  J.  J.  H.  TbbII.  LondoD,  1888,  p.  299. 

'MatorUllen  tnr  Oragraphle  uod  0«Dgn»ie  des  UofalTiertala.  Retant.  bj  Hani  Commender: 
IieuH  Jahrbnch  far  UlnarB].,  Bronhird.  Vol.  I,  ISSS.  p.  417. 

■E«ltrilge»nrPBCnigr»plileyOQKo™a,by  J.  Roth:  Bapt.  In  Nouea  Jahrbnoh  fiir  Mlner»l..  Bn>n- 
h»rti.  Viil.II.1887,p.lM. 

'Nugn  eismpel  pia  pyTorcuroninde  gnmiter  wb  goelasar,  b;  TOinebobm:  Keftoral,  Il'enei  Jahr- 
Sbch  fflr  Ulneral.,  Bronhani,  Vol.  1. 1891,  p.  TO. 

•Britlah  Petrognphy,  LondoD,  1888.  p.  32*. 

■Anlenicka,b;C.  E.  Hllcbsock:  GeoLaf  Varmoal,  Vol.1, Pt.  111,1861,  p.4M. 

'Mtnaralog:;  aodlltbolog;.  bf  Geo.W.Hmwea;  (ieoLof  KewHampablre.  Vol.III,Pt.IV,187a,p.WB. 

•STStanuUc  gvologj,  by  CUrenoeEIng:  U.S.  GeoL  EipL  Fortletb  Pu.,  VoL  I.  Cbap.  II,  Archean. 
p.  SI. 
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depth  from  the  surface  has  been  measured.  In  thie  way  it  has  been 
foDDd  that  the  Paleozoic  rocks  of  Wisconsin  and  lova  form  only  a  thin 
sheet,  Attm  a  few  feet  to  a  few  hundred  feet  thick,  over  the  pre-Paleozoic 
rocks  beneath.  In  the  Dakotas  on  the  west  the  gneisses  and  qoartzites 
slope  gradually  westward  from  near  the  west  line  of  Minnesota  beneath 
the  water-beariug  Cretaceoas  sandstones,  with  their  overlying  shales, 
until  at  the  James  Biver  Valley  at  Aberdeen,  South  Dakota,  they  are 
1,220  feet  below  the  surface.  Toward  the  north  also,  at  Moorhead  and 
at  Fargo,  granitic  i-ocks  are  reached  at  375  feet.  The  slope  toward  the 
sontb,  beneath  the  Paleozoics  of  Wisconsin  and  Iowa,  is  shown  in  a 
similar  manner  to  be  a  gradual  one.  Granitic  rocks  are  reached  at  521 
feet  beneath  the  city  of  Xia  Crosse,  and  quartzite  is  said  to  be  reached 
at  -768  feet  beneath  the  sur&ce  at  Spencer,  Iowa,  while  to  the  east  aad 
northeast  surface  exposures  are  soon  reached  in  Wisconsin.  With  such 
a  comparatively  extended  plain  on  which  the  Paleozoic  sandstones  and 
limestones  were  laid  down,  the  formation  and  deposition  of  this  sedi- 
ment must  have  been  a  process  of  vast  time  extent,  and  it  is  only  natural 
to  find  the  floor  of  ft^sh  rock  distinguished  by  very  marked  irregn- 
larities  after  the  scorings  of  the  successive  ice  invasions. 

There  is  no  reason  to  believe  that  in  any  geologic  period  since  0am- 
brian  time  there  has  been  any  marked  or  unequal  uplifting  of  this 
region,  but  as  a  vast,  central  coutinental  plain  it  has  been  subject  to 
the  ordinary  oscillations  of  level  illustrated  by  those  of  the  Glacial 
epoch.  It  is  believed  that  nowhere  in  the  States  named — save,  pM- 
haps,  for  a  pu't  of  the  area  of  the  Dakotas  and  a  portion  of  the  SKssis- 
sippi  Yalley — does  the  upper  limit  of  the  Arcbean  rocks  sink  below 
the  present  level  of  the  sea. 

The  metamorphosed  condition  of  the  rocks  points  to  an  enormous 
time  gap  between  the  close  of  their  building  processes  and  the  first 
deposition  of  Cambrian  sediments  on  this  part  of  the  Korth  American 
continent  Walcott  has  placed  these  first  sediments  in  the  Upper 
Cambrian,'  while  Hall  and  Sardeson  refer  them  to  the  Middle  Cam- 
brian.^ 

Kowh^%  have  any  indications  been  found  that  the  crystalline  rocks 
can  he  regarded  as  altered  sedimentary  strata,  as  was  recently 
announced  by  Director-General  Geikie  for  some  of  the  gneisses  of  the 
northeast  Highlands  of  Scotland.^ 

The  considerations  above  given,  together  with  the  mineral  composi- 
tion and  other  lithological  characters,  lead  the  writer  to  the  opinion 
that  the  ancient  gneisses  under  discussion  must  be  regarded  as  of 
Archean  age.  Indeed,  no  geologist  has  thns  far  placed  them  in  any 
other  division  of  geological  tjme.    Owen,  who  calls  these  "the  crystal- 


>  FatuiH  of  tbe  Lower  CambrUu  or  Olei 

ieUa>  nme,  by  C.  D.  W»l™tt;  Tenth  Aon.  Kept.  U.  S.  0«)L 

8iiiTer,IS80,p.51g. 

•Uagn«iui  seriea  otibv  Xonbmuten 

America.  Vol.  VI,  18H.  p.  170. 

•MWoro.  Vol.  XUV,  IBM,  p.m. 
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line  and  metamorphic  rocks,"  Anderson  atid  Clark,  who  designate  them 
"the  primitive  system  of  rocks,"  aud  others,  down  to  Van  Hise,'  place 
the  Minnesota  River  Valley  rocks  in  the  bottom  division  of  the  geolog- 
ical series.  The  term  "crystalline  and  metamorphic  rocks"  of  Owen 
and  the  "primitive  system"  of  Anderson  and  Clark  meant  the  same 
thing  as  does  the  word  Archean,  first  proposed  to  geologists  by  Dana 
in  1874  in  his  subdivisions  of  geological  time.* 

The  Bubdivialon  of  these  rocks  into  series  of  greater  or  less  inde- 
pendence and  importance  can  be  made  without  umch  difQcalty.  In 
traversing  them  across  their  strike,  as  one  mast  in  ascending  or 
descending  the  valley,  many  modifications  of  the  gneissic  type  are 
eneoontered.  These  modifications  lie  partly  in  the  structural  phases 
which  have  already  been  pointed  out  and  partly  in  the  lithological 
characters  which  are  now  to  be  discussed. 

Our  studies  will  lead  us  to  the  conclusion  that  we  have  had  under 
investigation  two  series  of  rocks,  the  one  exposed  at  the  two  ends  of 
the  valley,  typified  in  the  exposures  at  and  around  old  Fort  Bidgely  and 
at  Ortouville,  and  the  other  in  the  central  part,  at  Granite  Falls  and 
at  Minnesota  Falls.  The  G-ranite  Falls  series  is  represented  by  the 
gneissic  exposures  in  Delhi  and  neighboring  townships  (PI.  VIII)  and 
along  the  bottoms  to  a  point  several  miles  above  Granite  Falls,  in  sec 
14,  T.  116  N.,  B.  40  W.  (PI.  X).  The  Ortonville  series  is  represented  by 
the  heavy  and  generally  granitoid  exposures  seen  stretching  north- 
westerly from  Kew  Ulm  to  the  great  rock  barrens,  reaching  into  sees. 
12  and  13, 1. 114  K,  E.  38  W.  (Pis.  IV,  V,  VI,  VII,  and  VHI).  Again, 
in  the  river  bottoms  below  Montevideo  the  same  series  reappears  and 
continues  uninterruptedly  to  Ortonville  (Pis.  XI,  XII,  and  XIII).  Ex- 
posores  of  the  grauite-gneiaaes  cover  several  square  miles  below  the 
latter  place.  Their  extent  and  favorable  condition  for  study  suggested 
the  name  Ortonville  that  has  been  applied  to  the  series  so  extensively 
developed  in  the  valley.  ITowhere  do  these  rocks  rest  in  contact  with 
those  appearing  in  massive  exposures  around  Fort  Bidgely,  Morton, 
Beaver  Falls,  and  Montevideo. 

In  the  study  of  the  rock  snocessionrepresentedin  the  valley,  the  rock 
phases  will  be  described  according  t«  the  petrographical  characters. 
Such  a  classification  will  be  found  exceedingly  simple  aud  at  the  same 
time  progressive.  Starting  with  the  massive  or  granitoid  types,  the 
discussion  will  follow  to  the  schistose  and  semibasic  varieties. 

MINERAL  CONSTITUENTS  OP  THE  VARIOUS  GNEISSES. 

Primary  quartz. — In  many  typical  hand  specimens  of  the  horoblende- 
biotite-gneisses  qnartz  is  the  most  conspicuous  mineral  among  the  con- 
stituents.    This  is  noticeably  the  case  in  the  granitoid  gneiss  localities, 

■An  attempt  to  bannonln  lomo  appareally  conflicting  views  of  Luke  Superior  ItntlcTaphf,  bf 
C.  B.  Vu  him:  Am.  Jddt.  Sd..  Sd  series,  To).  XLI,  ISW.  pp.  117-137. 
■Hanulor  Oeologr.  bl  J-  D-  Daoa,  2d  ed.,  187t,  p.  1».  /^"-  I 

Bull.  157 i  "■'  -1^  ^-''-''-'8"- 
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In  places  among  these  rocks  quartz  Beema  to  constitute  at  least 
two-fifths  of  the  whole  bulk  (sp.  51268,  5342).  Again,  there  are  isolated 
areas  where  the  quartz  occnrs  in  lenticular  masses  almost  wholly 
unmiogled  with  other  miDerals.  Typical  localities  are  at  HindaT' 
mann's  farm  (sp.  5183),  a  mile  or  so  above  old  Fort  Bidgely  (sp, 
5184  A),  near  the  month  of  Birch  Cooley  (sp.  6208),  and  at  other  places. 
These  occurrences  will  be  discussed  in  another  place  under  yeio  ma- 
terial. The  usual  mode  of  occurrence  of  qaartz,  however,  obtains  here — 
that  ia,  as  interstitial  material  generally  distributed  among  the  other 
constituents. 

Frequently  there  lie  along  the  sides  of  fractures  zones  of  qnartz  con- 
taining cavities,  asnally  filled  with  liqoid  but  sometimes  empty.  The 
origin  of  the  quartz  by  pressure  is  thus  indicated.  As  a  rule  the  cavi- 
ties are  io  clusters  or  bands.  The  quartz  is  broken  up  into  numerous 
interlocking  individaals,  some  of  which'  are  of  large  size.  The  liqnid- 
filled  cavities  often  occur  in  streams  crossing  both  the  quartzes  and  the 
adjoining  feldspars  until  they  lie  scattered  across  the  entire  slide  (sp. 
5237,  5301,  5308,  5344,  and  others). 

Very  generally,  too,  in  these  primary  quartz  areas  there  are  numer- 
ous inclusions  of  minute,  needle-shaped  crystals,  which  lie  in  every 
possible  direction,  and  are  too  small  to  be  studied  with  any  positive 
results.  They  are  believed  to  be  rutile  needles,  both  from  kindred 
observations  iu  other  localities  and  from  tbe  fact  that  Prof.  James  A. 
Dodge,  of  the  University  of  Minnesota,  made  a  very  careful  qualitative 
examination  of  some  of  this  quartz  from  Hindarmann's  place  (sp. 
6183, 1,750  paces  N.,  1,750  paces  W.,  sec.  22,  T.  Ill  N.,  E.  32  W.)  and 
discovered  in  it  distinct  traces  of  TiO,. 

In  many  places  throughout  the  valley,  particularly  around  Fort 
Ridgely  and  Ortonville,  the  quartz  has  a  remarkably  opalescent,  bluish 
aspect,  givingapeculiarskimined-milk  appearance  to  the  mineral.  The 
quartz  is  white,  and  at  the  same  time  has  a  watery,  limped  look  not 
usual  in  milky  quartz.  Occasionally  an  amethystine  tint  is  also  pres- 
ent. The  opalescence  is  seen  in  the  gneissic  qaartz  and  in  the  veiu- 
like  segregations  alike.  Where  there  is  the  highest  degree  of  opales- 
cence tbe  needle-shaped  crystals  mentioned  are  most  abundant.  The 
conclusion  was  therefore  drawn  that  the  opalescent  character  depends 
on  the  abundance  of  the  mineral  rutile  within  the  qnartz. 

Such  inclusions  in  the  quartz  as  ha^'e  been  ])ointed  out  occnr  only  in 
those  large  yet  allotriomorphic  individuals  with  which  all  the  gneisses 
of  the  valley  abound.  Tbe  individuals,  usually  regarded  as  primary, 
may  or  may  not  be  one  of  tbe  original  mineral  constituents  of  the  rock. 
Their  existence  and  present  condition  afford  no  evidence  touching  the 
origin  or  development  of  qnartz  as  an  essential  constituent  mineral. 
Tbe  qnartz  might  have  been  present  at  the  original  crystallization  of 
the  rock  or  it  might  not  have  been.  Time  and  the  alteration  processes 
to  which  the  rocks  have  been  subjected  might  have  developed  large 
and  numerous  areas  of  this  mineral  as  it  has  of  others.  s'^ 
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Secondary  quartz. — Id  addition  to  the  large  areas  of  quartz  juBt  noted 
there  are  almoRt  always  present  segregated  areas  of  a  Haely  crystalline 
phase  of  this  mineral.  These  areas  are  at  times  around  the  borders  of 
the  feldspars,  again,  in  the  midst  of  the  feldspars  themselves,  especially 
within  the  orthoclase  and  microcline  individuals,  and  at  other  times  in 
the  areas  of  altered  basic  coustitaeots  intermingled  with  the  horn- 
blende, biotite,  magnetite,  etc.,  which  have  resulted  &om  the  breaking 
up  of  the  original  mineral  constituents  of  the  rock.  In  these  areas  the 
quartz  exists  in  very  minnte  individuals,  highly  transparent,  and,  under 
crossed  niools,  brightly  polarizing.  They  are  sutured  together,  and  are 
exceedingly  free  from  imparities  of  every  kind. 

Three  forms  of  secondary  quartz  are  noticeable: 

1.  Fine,  granular  segregations,  perfectly  transparent,  compact,  and 
almost  wholly  free  from  impurities. 

%  Fine,  brightly  polarizing,  isolated  granules  and  pegmatitic  areas 
in  the  midst  of  and  around  the  feldspars.  They  occur  more  frequently 
afisodated  with  the  potash  feldspars,  i.  e.,  orthoclase  and  microc^ne, 
than  elsewhere,  although  they  are  freqaent  in  individnats  of  the  albite 
type. 

3.  Vermicnlar  quartz  in  and  around  the  feldspathic  individuals,  more 
particularly  those  which  show  strong  evidences  of  alteration. 

Of  peculiar  interest  in  these  granitoid  rocks  is  this  vemiicalar  quartz, 
which  is  very  widely  distributed.  As  a  rule  it  is  microscopic,  very 
rarely  appearing  in  areas  sufficiently  large  to  be  detected  with  the 
nnaided  eye.  Almost  without  exception  its  secondary  origin  is  evi- 
denced by  its  distribation,  for  it  is  found  within  the  boundaries  of  the 
older  rock  constitnents,  particularly  the  feldspars.'  Within  this  group 
of  minerals  no  particniar  preference  seems  to  be  shown ;  it  as  frequently 
invades  orthoclase  or  microcline  as  it  does  the  plagioolastic  species. 
The  contorted,  vermicular  passages  through  which  the  silica  has  made 
its  way  into  the  corroded  constituents  can  be  seen  on  PI.  XVIII,  B, 
taken  from  the  horn  blende- biotite-gneiss  (sp,  6396)  of  sec.  30,  T.  112  N., 
R.  38  W,,  the  town  of  Vesta,  in  the  prairie  region  of  western  Redwood 
County. 

Feld^ara. — This  mineral  group  is  represented  by  several  members. 
There  is  no  apparent  law  of  occnrrenoe;  scarcely  a  sample  was  taken 
that  did  not  show  several  species.  In  few  places  did  the  rock  show  any 
single  species  as  especially  predominant. 

In  size  of  individuals  there  is  the  greatest  diversity,  the  apparently 
primary  ones  reaching  in  places  the  size  of  several  inches,  while  others 
are  very  small.  The  former  are  usually  filled  with  the  products  of 
their  own  decomposition,  mingled  with  and  modified  by  those  of  the 
other  mineral  constitnents  of  the  rock.  The  outlines  of  the  individaals 
"of  primary  consolidation,"  as  Fonqo^  and  L^vycall  them,' are  seldom 
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clearly  defined.  They  nsnally  merge  into  a  mingled  mass  of  qnartz  and 
feldspar  iadivldaalB  or  into  a  zoae  of  qnartz  alone. 

At  a  fewplacea  in  tbe  valley — for  instance,  aronnd  OrtonTille— ortho- 
clase  seems  to  have  suffered  alteration  more  than  any  oth^  feldspathic 
constitaent.  Yet  amid  all  the  changes  it  has  nndergone  this  mineral 
has  not  completely  lost  its  identity. 

Microcllne  plays  a  very  important  part  in  the  constitntion  of  these 
gneisses.  It  is  freqaently  in  porphyritic  crystals  an  inch  or  more  long, 
the  surface  nsnally  has  a  pale  reddish  tint,  and  the  fine  fractnres  are 
coated  with  timonite.  In  point  of  qnantity  microcline  seems  greatly  to 
exceed  orthoclase  in  this  groap  of  gneisses. 

While  orthoclase  and  the  plagioclases  are,  as  a  mie,  more  or  less 
altered  to  kaolin,  mascovite,  and  other  prodncte,  with  few  exceptions 
the  microcline  areas  are  fresh  and  transparent.  In  this  respect  these 
rocks  are  no  exception  to  the  condition  observed  in  northern  Michigan. 
Where  the  microcline  has  altered  to  a  preceptible  extent  it  coDtatns 
many  small  areas  of  clear  quartz.  These  areas  are  either  closely  com- 
pacted or  in  the  vermicular  forms.'  Wherever  the  feldspars  are  second- 
ary— and  such  places  are  numerous — microcline  takes  the  foremost 
place  in  quantity  as  well  as  in  the  development  of  its  characteristie 
features. 

In  its  dJstribadon  microcline  accompanies  both  orthoclase  and  the 
acid  plagioclases.  Usually  the  boundaries  of  the  oontigaons  individ- 
uals are  sharply  defined,  yet  not  infrequently  tbe  sharp  definition  dis- 
appears and  the  line  of  demarkation  can  not  be  seen.  Sncb  a  merging 
of  an  oligoclastic  individual  with  microcline  is  seen  in  PI.  XIX,  B, 
from  a  specimen  taken  below  Ortonville.  Again  the  merging  of  the 
microcline  into  orthoclase  is  seen.  Several  slides  fi«m  fresh  specimens 
of  gneiss  show  orthoclase  grains  of  large  size  surrounded  on  two  or 
more  sides  with  microcline.  The  two  feldspars  grade  into  each  other 
so  imperceptibly  that  the  boundary  between  them  can  not  be  followed. 
The  former  thae  constitutes  the  core,  and  the  relative  sitnation  strongly 
suggests  some  genetic  relationship  between  the  two. 

It  still  more  frequently  happens  that  in  the  midst  of  large  individ- 
nals  of  orthoclase  or  plagioclase  bright,  ft^ah  grains  and  granules  of 
microcline  appear,  (PI.  XX,  B.)  Less  ft^nently  similar  small  patches 
of  other  feldspars,  and  even  other  mineral  species,  are  seen.  Tbe  ont- 
lines  of  these  individuals  are  well  defined.  All  tlie  areas  of  microcline 
found  within  a  single  individual  of  orthocla.se  or  oligoclase  extinguish 
together,  showing  their  possible  connection  in  the  third  dimension. 
While  the  relationship  in  position  holds  good  under  the  circumstances 
n^ned,  tbe  clusters  of  microcliDe,  orthoclase,  plagioclase,  and  quartz,  so 
fi^uent  in  more  altered  material,  show  no  such  parallelism.  Yet  it  is 
by  no  means  clear  that  the  smaller  included  individuals  are  secondary 
to  the  larger  ones.    They  may  represent  minute  quantities  of  micro- 
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clinic  material  caaght  op  in  th«  original  iodividualization  of  the  rock 
constitaeDta,  and  maintained  to  the  preseot  time  in  their  mineral 
integrit}'.  Excellent  illnstrations  of  thia  phase  of  miDeral  associatioD 
are  shown  in  specimens  5315,  5320,  and  many  others  (see  PI.  XX,  B). 

Several  varieties  of  plagioclastic  feldspars  are  present  in  varying 
qaantity.  At  one  extreme,  in  the  large  number  of  indiTidoals  meaa- 
nred,  the  extinction  angle  along  the  twin  lamellte  is  between  1  and  4 
degrees,  pointing  to  a  soda  feldspar. 

The  microcrystalline  feldspars,  while  occasionally  appearing  in  the 
larger  individaalB  of  feldspar,  are  as  a  role  distributed  among  the 
grains  of  quartz,  also  microcrystaUine.  They  are  always  much  more 
transparent  and  more  strongly  polarizing  than  the  primary  individoals 
joBt  described;  in  optical  characters  they  are  almost  identical  with 
them. 

Some  featores  shown  by  the  miorocrystalline  feldspars  are  marked. 
For  instance,  the  ontlines  of  all  the  grains  are  sharply  defined  by  con- 
tact with  neighboring  grains.  Occasionally  an  interlocking  of  material 
occurs, -yet  this  habit  is  not  so  common  as  among  the  quartzes.  Very 
few  impurities  or  intergrowths  are  seen  in  these  areas,  and  they  are 
poor  in  bisilicate  individuals.  Accessory  minerals  are  also  rare,  apatite 
b^g  almost  unknown  in  these  portions  of  the  slides. 

Biotite. — This  mineral  is  everywhere  present  and  often  bears  unmis- 
takable evidence  of  being  secondary.  As  a  role  it  is  associated  with 
hornblende.  The  latter  mineral  occupies  the  m^or  place  among  the 
bisilicates  in  the  aeotions  out  from  the  freshest  rooks;  more  altered 
rocks  show  the  biotite  and  hornblende  in  about  equal  proportions;  and 
samples  taken  from  those  portions  nearest  the  snriace  and  most  thor- 
oughly altered  show  little  hornblende,  but  biotite  is  plentifiil.  In  these 
weathered  portions  the  biotite  is  well  individnalized,  yet  even  here  the 
ttna»  are  either  small  in  size  or  complex  in  structure.  Where  the  areas 
are  not  complex  they  are  noticeably  scattered  through  ttie  rock,  much 
more  than  are  the  individuals  of  quartz  and  the  several  feldspars. 

The  general  characters  of  biotite  so  often  described  obtain  here; 
therefore  little  need  be  said  on  that  subject.  Several  specimens  show 
a  marked  radial  arrangement  of  the  biotite.  The  individuals  appear 
decidedly  acicalar  in  form,  and  shoot  ont  from  a  commou  center  in  all 
directions,  forming  rosettes  of  long,  slender  crystals.  A  well-marked 
porphyritic  gneiss  (sp.  5262)  fh>m  the  middle  of  the  vaUey,  shows  in 
one  of  the  qnartz  indivldaals  a  decidedly  resetted  arrangement  of  the 
biotite  (PI.  XX,  A). 

Inclusions  of  rutUe,  or  some  mineral  similar  in  habit,  are  rather 
freqnent  in  the  biotite  of  the  most  altered  gneisses.  As  a  rale  this 
mineral  assumes  the  form  or  position  of  a  sagenite  web,  but  many 
needles  were  also  noted,  identical  in  tbeir  external  characters  with 
those  seen  in  the  quartzes  and  feldspars  associated  with  the  biotite. 
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Another  miaeral  forming  an  intereBtiog  iaclaaion  in  the  biotlte  of 
several  localities  in  the  BoutbeasteiD  portion  of  the  valley  is  quartz. 
Beantifhl  lenticular  aggregates  of  olear  grains  of  this  mineral  ar«  seen 
in  certain  exposures  (sp.  5186  and  5199,  from  the  Fort  Bidgely  district ; 
PI.  XX,  C)  toward  the  lower  end  of  the  valley.  Epidote  as  well  as 
quartz  occurs  in  this  situation,  and  in  many  cases  it  is  difficult  to  tell, 
without  a  close  examination,  whether  the  lenticular  aggregates  are 
composed  of  the  one  or  the  other  of  the  two  minerals  named. 

Muscovite. — Nowhere  in  the  whole  valley,  so  far  as  the  rocks  were 
sampled,  is  muscovite  as  protniaeat  aa  biotite  and  bornblende.  Wher- 
ever it  is  present  it  is  associated  with  biotite  or  is  its  representa- 
tive. So  it  can  not  be  said  that  this  is  an  essential  rock  constituent  in 
the  valley.  It  maybe  added,  in  passing,  thatmusooviteis  surprisingly 
rare  in  the  gneisses  and  granites  of  the  whole  State  of  Minnesota. 
Withiu  a  restricted  area  southeast  of  Ortonville,  in  the  old  channel  of 
the  Minnesota  River,  or  its  predecessor,  the  Eiver  Warren,  it  occurs  in 
nearly  equal  amount  with  biotite  (sp.  5336  and  5337).  In  tfaese  speci- 
mens it  bears  every  evidence  of  being  a  secondary  mineral  derived  in 
large  part,  if  not  wholly,  from  ortboclase  and  microcline.  As  a  rale  it 
may  be  said  that  the  muscovite  appears  as  small  secondary  folia 
within  the  large  idiomorphic  feldspar  individuals  or  around  their  bor- 
ders {sp.  6338;  PI.  XVIII,  A).  It  is  rare  that  large,  independently 
formed  individuals  of  mnscovite  are  seen.  The  folia,  as  they  lie  withiu 
the  feldspar  matrix,  are  clustered  either  in  the  centers  of  their  hosts 
or  in  somewhat  irregular  bands  abont  halfway  l^om  the  center  to  the 
circumference,  the  bands  taking  the  shape  of  the  contour  of  the  fold- 
spar  individuals.  This  clustered  condition  of  the  muscovite  individ- 
naU  baa  been  noted  by  G.  H.  Williams  in  the  granite-porphyry  of  the 
Horse  Race,'  although  there  the  mnsoovite  clusters  occupied  the  cen- 
ters of  the  orthoclase  crystals. 

The  optical  characters  of  this  mineral  in  these  rocks  are  not  different 
ftom  those  described  by  investigators  who  have  worked  In  other 
regions.  Usnally  the  color  is  white,  and  the  areas  are  free  from  inclu- 
sions and  are  very  transparent,  so  that  with  ordinary  light  it  is  only 
by  the  detection  of  the  cleavage  strife  that  the  mineral  would  be 
recognized. 

Hornblende. — This  mineral  occurs  in  a  few  localities  in  large  isolated 
idiomorphic  individuals.  While  these  individuals  suggest  a  por- 
phyritic  rock,  the  evidence  that  these  rocks  are  porphyries  is  still 
lacking.  The  individuals  are  sharply  defined.  Their  internal  organi- 
zation shows  a  homogeneity  of  structure,  indicating  a  continuity  of 
bnilding  noted  in  the  old  crystallines  only,  in  which  that  building  has 
been  practically  a  continuous  process.  From  the  material  at  hand  it 
is  not  shown  that  the  formation  of  this  mineral  took  place  in  two  gen- 
erations— a  process  necessary  in  the  development  of  a  porphyry.'    The 
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usnal  characters  of  boroblende,  as  described  by  Rosenbosch,  Foaqag  and 
Ij^vy,  and  Bntley,  are  aeeo.'  Tbe  mineral  appears  io  clasters  of  small 
individoals  (sp,  5255,  5310).  The  color  is,  without  exception,  green. 
The  diohroiam  ia  strong,  giving  a  brownish  dark-green  when  parallel  to 
cand  a  bright  green  in  the  direction  of  a.  In  the  arrangement  of  these 
hornblende  indiridnals  there  is  little  regularity.  When  the  gneis- 
sic  character  of  the  rocks  is  brought  out  through  the  parallel  position  . 
of  the  porphyritic  feldspars,  horoblende  takes  a  subordinate  place, 
both  in  quantity  and  in  function,  and  displays  a  lesa  tendency  to 
parallelism  than  do  the  feldspars. 

Another  interesting  phase  of  the  hornblende  of  these  gneissic  rocks 
is  the  fibrous  variety.  This  gives  the  nralitic  character  first  described 
by  G.  Bose  many  years  ago.'  The  chemical  oompositioc  of  this  variety 
of  hombleode  has  not  been  determined.  A  typical  locality,  if  the 
writer  understands  the  type,  is  found  in  the  qnairy  recently  opened 
at  Granite  Falls,  jnet  west  of  the  tracks  of  the  Great  Northern  Kail- 
way.  The  rock  ia  rather  dark  colored,  possesses  a  distinct  gneissic 
Btmcture,  and  is  rather  coarsely  granular.  The  bisilicate  constituent 
was  once  a  pyroxene,  and  eveu  now  some  traces  of  that  mineral  are 
seen.  For  the  most  part  it  has  changed  to  the  fibrous  modification  of 
hornblende.  The  color  of  the  alteration  product  is  light  green  in  some 
fibers,  while  others  show  an  almost  entire  lack  of  color.  The  fibers  lie 
in  approximately  parallel  positions,  although  often  a  tendency  to  a 
radial  arrangement  is  seen,  especially  where  some  portion  of  an  old 
pyroxene  (augite)  area  serves  as  a  nucleus  of  crystallization. 

In  other  localities — for  instance,  at  La  Framboise's — a  similar  occur- 
rence of  the  fibrous  hornblende  is  to  be  seen.  The  relations  of  the 
hornblende  to  the  small  areas  of  augite  which  are  seen  at  this  locality 
must  remove  all  doubts  as  to  its  origin  from  this  mineral,  even  though 
doubts  remain  concerning  the  secondary  nature  of  the  few  isolated 
biotite  folia  which  most  thin  sections  of  these  interesting  augite-biotite- 
granite- gneisses  disclose. 

The  fibrous  horoblende  is  not  so  ii'equent  in  the  gneissic  rocks  of  the 
valley  as  it  is  in  the  gabbroids  described  in  Chapter  Y.  It  may  be  said, 
however,  that  in  the  gneisses  represented  by  the  specimens  collected 
there  appears  to  be  a  rock  which  stands  on  the  borderland  between  tbe 
great  gabbro  family,  bo  widely  distributed  in  northwestern  Minnesota, 
and  the  great  mass  of  Archean  gneiss  typified  in  the  exposures  of 
central  Wisconsin, 

The  relation  of  this  mineral  to  the  feldspars  indicates  that  the  horn- 
blende took  a  secondary  place  in  tbe  process  of  crystallization.  Along 
the  lines  of  contact  the  feldspar  individuals  are  bounded  by  surfaces 
which  in  many  instances  closely  approximate  to  crystal  faces,  while  the 
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Itomblende  lying  in  contact  vith  tiiem  aasames  the  simpe  thua  deter- 
mined. Occasionally  smaller  iodividaalB  of  bornblende  are  well  formed 
and  show  very  complete  sections  of  crystals,  but  this  is  a  rare  phe- 
nomenon. In  color  there  is  much  variation,  the  green  usually  prevail- 
ing. In  the  gneisses,  as  a  rule,  the  hornblende  is  uuusn^ly  free  tcom 
inclusions,  althoagh  in  the  gabbro  series  it  abounds  in  them,  as  will  be 
stated  in  Chapter  V.  Where  mineral  impurities  occur,  epidote,  rntile, 
and  biotit«  occnpy  the  leading  place. 

Very  frequently  a  close  relationship  is  seen  between  the  biotite  and 
the  hornblende.  As  has  already  been  mentioned,  the  lastruamed 
mineral  shows  every  indication  of  secondary  origin.  It  lies  in  otas- 
tered  aggregates,  and  seldom  is  an  area  composed  of  a  single  indi- 
vidual. The  hornblende  individoals  bear  no  evidence,  in  their  associ- 
ation and  structure,  of  being  primary.  They  can  not  be  foand  in  these 
rocks  associated  with  some  pyrogenic  constituent  and  the  steps  of 
change  i^m  the  latter  be  followed  step  by  step,  as  can  be  doue  in  the 
gabbroid  granites  of  Bhinelander,  Wisconsin,  and  in  the  hornblende- 
biotite-granites  of  central  Minnesota;  but  in  studying  the  series  as  a 
whole,  from  one  end  of  the  valley  to  the  other,  every  stage  in  the  altera- 
tion process  can  be  seen,  from  the  fresh  auglte  individuals  to  those 
firmly  knitted,  brown  hornblende  areas  which  represent  the  mature 
stage  of  this  mineral.  From  the  general  composition  of  the  hornblende 
closters,  from  the  association  of  other  minerals,  and  from  the  presence 
among  them  of  secondary  quartz  and  feldspar  granules  the  secondary 
origin  of  the  hornblende  is  most  confidently  assumed. 

Again,  among  these  gneissic  rocks  phases,  with  many  intermediate 
steps,  appear,  in  the  one  of  which  tbe  genesis  of  the  hornblende  can 
not  be  read,  in  the  other  of  which  it  can  be  read  with  high  assurance  of 
correctness.  The  relations  between  these  two  types  are  so  close,  and 
their  mineral  conditions  are  so  nearly  identical,  that  one  can  not  well 
avoid  carrying  the  conclusions  reached  in  the  study  of  the  latter  phase 
over  into  interpretations  of  the  former,  and  asserting  the  same  con- 
clnsions  in  respect  to  it.  Hence  the  writer  has  reached  the  conclu- 
sion tbat  there  is  no  such  thing  in  the  Minnesota  Biver  Valley  as 
original  or  primary  hornblende.  For  other  portions  of  tbe  Northwest, 
where  the  so-called  Archean  rocks  appear,  investigators  have  annonuced 
similar  conclusions.  For  instance,  Irving  stated,  while  studying  the 
Wisconsin  Valley: 

"Mr.  Van  Hise's  study  shows  now  that  augite,  so  fat  from  being  a 
stranger  to  such  rocks  as  gneiss  and  granite,  is  nearly  as  commou  a 
constituent,  so  far  at  least  as  this  region  is  concerned,  as  hornblende 
or  mica,  and  that  all  of  the  hornblende  of  tbe  rocks  of  this  region  is 
bot  altered  augite." ' 

Wadswortb,  who  examined  the  gabbros  of  tbe  N'ortbwest,  believed 
"all  tbe  hornblende  seen    ...    to  be  secondary    ...    In  color 
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it  variw  tiom  a  ligbt  or  yellowish  greea  to  a  dark  brown  or  yellowish 
brown  .  .  .  the  darker  stag<M  being  Bimplf  the  mora  perfected 
condition  of  the  greener  or  nralitic  stage.'''  Lawsoo,  for  the  B&iny 
Lake  region,  recently  studied  by  him,  said  that  "it  seems  not  improb- 
able that  all  the  hornblende  of  the  homblende-syenite  and  granite 
[granite  gneiss]  of  this  region  is  of  secondary  origin."'  Farther,  Geo. 
H.  Williams,  Jodd,  Sohnster,  and  many  others  have  noted  the  altera- 
tion of  ai^^te  into  hornblende  in  other  parts  of  the  world.  Labora- 
tory experiments  ^  have  been  made,  exteoding  through  a  long  series  of 
years,  in  endeavors  to  show  that  hornblende  represents  the  stable  molec- 
ular arrangement  of  this  already  much-Btudied  metasilicate  componnd. 

The  hornblende  and  biotite  are,  in  all  the  granitoid  gneisses  sampled, 
extremely  sparse.  The  only  exception  is  seen  in  the  rocks  of  the 
bottoms  just  above  old  Fort  Ridgely,  where  a  liberal  sprinkling  of 
hornblende  and  biotite  can  be  seen  over  two  or  three  areas.  Basic 
iDclnsions  were  found  in  the  rocks  in  their  ordinary  phases,  while  none 
were  found  in  the  acidic  gneisses.  In  sec.  2,  T.  11  N.,  R.  33  W.,  there 
are  a  number  of  inclusions  of  various  sizes,  well  defined,  schistose  in 
structure,  rather  fine  in  texture,  and  a  hornblende-biotite-schist  or 
gneiss  in  mineral  composition. 

Augite. — la  their  present  altered  condition  the  normal  gneisses  of  the 
Minnesota  River  Valley  carry  augite  in  only  two  or  three  locaUties,  so 
far  as  the  gathered  hand  specimens  show. 

Of  these  localities,  the  first  to  be  mentioned  is  that  around  La  Fram- 
boise^s  and  Hiudarmann's  farms,  below  old  Fort  Ridgely,  in  sees.  15, 16, 
22,  and  23,  T.  109  N.,  R.  32  W.  (sp.  5191, 5192, 5721,  5722).  The  second 
locality  is  at  Granite  Palls,  in  sec.  31,  T.  116  N.,  R.  40  W.  (sp.  5768 
and  5769). 

Only  a  small  qoantity  of  ang^te  is  present  in  the  freshest  of  these 
exposures,  and  even  this  shows  partial  alteration,  save  in  one  or  two 
glides  &om  the  La  Framboise  locality.  Two  or  three  hand  specimens 
from  this  place  present  the  alteration  of  augite  into  biotite  without 
disclosing  the  intermediate  stage  of  hornblende-building.  At  Granite 
Falls  the  alteration  into  fibroos  hornbleode  of  some  mineral  which  is 
presomed  to  have  been  augite  has  already  been  discussed.  It  may  be 
remarked  here  that  in  all  the  slides  cut  fh>m  gneissic  rocks  where 
augite  is  present  the  pioportion  of  basic  minerals  is  extremely  small, 

Pyrite  is  to  be  seen  nearly  everywhere,  but,  as  a  rule,  it  is  sparse. 
Under  the  railway  tracks  near  Odessa,  sec  31,  T.  121  Ilf.,  R.  4A  W., 
there  is  a  comparative  abundance  of  iron  sulphide,  probably  marcasite. 
It  occurs  in  s^regations  of  small  size.  Some  blocks  have  been  blasted 
out  and  their  sorfooes  are  stained  with  iron  rnst  from  the  alteration  of 

I  PnUmluar]'  desorlptioD  of  th«  peridatyt«s,  gabbro*,  (U>bia««,  rnd  andes^tM  ot  UiiuieaoU,  by 
K.  E.  Wtdiworth:  OeDLKaLHittSnrTByMtnoeaotA,  BnU.  Ko.2, 1887,  p.  68. 

■Bapurt  on  ths  seology  of  Ehs  Rkin;  Lkks  leglan,  by  Andrew  C.  Lavson;  Ann.  Sept,  GeoL  Hat. 
HiaLSnrvey  Canada,  1887-88,  p.  1Z9F. 

>  Geo.  H.  Williama  Itai  snunmrBted  the  chlr^r  of  tb»e.  On  Cha  paiamarpboaU  of  pyroians  to  horn- 
btanda  Iniooka,  fay  G«o.H.  WUliama:  Am.  Jour.  Sol..  Sd  serlM,  Vol.  XXVni,  1881,  p.  2». 
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these  BegregationB.  This  alteration  is  so  rapid  that  only  od  compara- 
tively fresh  surfaces  can  any  of  the  iron  salphide  be  seen.  Nnmeroas 
cavities  on  the  ohler  snrfacds,  and  the  deep  stains  of  iron  rust,  point 
to  the  former  existence  of  the  componnd.  In  other  localities  clasters 
of  pyrite  crystals  are  to  be  seen,  bat  novhere  iq  safflcient  qaaotity  to 
deserve  particalar  notice,  and  probably  in  no  place  save  the  one  men- 
tioned in  sncli  qnantity  as  to  have  a  deleterious  effect  on  the  stone  for 
economic  ases. 

Magnetite  appears  in  many  slides,  bnt  nowhwe  in  qnantity  visible  to 
the  anaided  eye.  In  its  oocarrenoe  it  bears  evidence  of  secondary 
origin.  It  nsaally  lies  clostered  aboat  the  spots  where  bright-green 
hornblende  and  minnte,  clear  grains  of  secondary  qnartz  are  segre- 
gated. In  several  sections  beantifdtly  segregated  masses  occur,  notably 
ill  the  larger  dike  west  of  Granite  Palls  (sp.  5286). 

Hematite  is  present  in  about  the  same  quantity  as  magnetite.  It 
appears  in  the  sarficial,  most-altered  portions  of  the  rock.  Where 
the  rock  crambles  the  heaviest  accumnlattons  of  this  mineral  appear. 
In  such  situations  the  cleavage  planes  of  the  feldspars  are  stained,  as 
well  as  the  opened  coutbct  zones  between  these  and  the  other  coo- 
BtitneiitB.  More  rarely  the  hematite  stains  hornblende  and  chlorite 
clusters  ao  that  the  appearance  is  that  of  a  fibrous  or  radiated  hematite, 

Limonite  is  distributed  as  is  hematite.  Indeed,  these  minerals 
are  usually  distinguished  by  their  colors.  So  far  as  their  associations 
go,  hematite  and  limonite  merge  into  each  other  in  many  cases  in  such 
a  way  as  to  snggest  that  the  only  difference  between  them  lies  in  the 
hydrated  condition  of  the  latter  through  the  indnence  of  percolating 
waters. 

Ferrite. — Occasionally  around  the  areas  of  hematite  one  sees  a  whit- 
ish or  light-brown,  finely  granular,  closely  packed  iron  substance, 
sometimes  arranged  in  well-deflued  areas,  as  if  the  material  were  a 
psendomorph  after  some  preexisting  mineral,  now  totally  removed. 
Not  infrequently  this  preexisting  mineral  would  seem  to  be  magnetite. 
From  the  difficulty  found  in  separating  it  from  a  stained  kaolinic 
decomposition  product,  almost  everywhere  abundant  in  the  much- 
altered  gneisses,  uo  satisfactory  determiuation  of  the  mineral  can  be 
made,  and  so  it  is  given  the  general  name/«mte. 

Rutiie  is  present  in  minnte,  needle-shaped  crystals  which  i>enetrate 
all  the  leading  constituents  of  the  granitoid  gneisses,  it  was  only  in 
the  biotite  that  any  regularity  whatever  was  noticed  in  the  arrangement 
of  these  crystals.  Here  occasionally  a  strongly  marked  network  of 
needlelike  crystals  can  be  seen  in  such  sections  as  are  cut  at  a  low 
angle  to  the  cleavage.  In  the  quartz  rntile  is  a  most  frequent  impu- 
rity, especially  around  Fort  Bidgely  and  OrtonvUle,  as  has  been  else- 
where stated. 

Apatite,  in  the  usual  needles,  is  a  frequent  accessory.  Often  a  broken 
condition  indicates  great  pressure  exerted  at  some  early  or  middle 
transition  stage  in  the  alteration  of  the  rocks.  -..-..->,. ^ 
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Kaolin, — This  is  au  extremely  iDteresting  alteration  product  It  ia 
very  general  in  its  distribntion.  The  freshest  specimena  disclose  only 
traces,  but  the  gneisses  of  Birch  Cooley,  Redwood  Falls,  and  thence 
locally  as  far  as  Granite  Falls,  are  so  completely  broken  down  as  to  be 
soft  and  anctious  to  the  toach.  Here  kaolin  is  one  of  the  two  or  three 
abundant  seeoDdary  minerals  present.  Between  those  two  extremes — 
the  fresh,  lirm  rocks  on  the  one  hand  and  the  completely  decomposed 
varieties  on  the  other — lie  numberless  phases  of  alteration.  Ordinarily 
the  kaolin  occurs  in  minute  elongated  leaflets,  which  resemble  very 
closely  in  all  ontward  characters  minute  folia  of  mascovite.  They  are 
very  clear,  white,  and  strongly  polarizing.  Indeed,  in  many  cases  it  is 
more  than  probable  that  mascovite  and  kaolin  are  intermingled. 

Epidote  is  a  mineral  of  no  small  interest  in  the  atndy  of  these  rocks. 
In  all  the  sections  examined  not  one  crystal  of  this  mineral  was  seen. 
There  are  two  modea  of  occnrreuee: — the  granular,  where  the  mineral 
lies  in  isolated  or  segregated  individuals  of  varying  size,  from  the 
extremely  minute  to  those  which  compare  in  area  with  those  of  qnartz 
and  feldspar;  and  the  radial,  where  from  a  central  point  radiating 
grains  shoot  out  into  the  sabstance  of  the  host,  giving  a  bright,  rosette- 
like field  in  polarized  light, 

Epidote  is  singularly  free  from  inclusions.  Barely  fluid  inclusions 
can  be  seen.  Here  and  there  an  intergrowth  with  other  minerals  was 
iioted.  Sowhere  does  epidote  present  the  features  of  a  primary  con- 
stitoent  of  the  rocks  carrying  it.  It  is  most  abundant  in  the  extremely 
weathered  rocks.  Thus  beneath  rock  surfaces  long  exposed  t«  the 
weather  and  in  proximity  to  thin  bands  or  veins  in  the  gneisatc  masses 
epidote  should  be  expected;  but  in  the  deeper  alterations,  like  those 
which  have  resulted  in  the  kaolin  of  Birch  Cooley,  only  occasional 
traces  of  it  are  to  be  found.  It  is  sometimes  present  in  the  midst 
of  feldspar  individuals,  much  altered  from  their  original  chemical  and 
physical  conditions. 

Chlorite  also  is  an  accessory.  Althoagh  rather  frequently  met  with, 
there  are  only  two  or  three  localities  where  it  is  snfBciently  abundant 
toreceivespecial  consideration.  On  Tracy's  farm,  sec,  10,  T.  112  N.,  B. 
34  W.,  is  the  most  conspicuous  locality  found.  Here  one  knob  of  gneiss 
with  coarse  and  indistinct  foliation,  somewhat  jointed,  with  large  feld- 
spar individuals,  and  abounding  in  dark-colored  inclusions,  exhibits 
the  most  beautiful  individuals  of  chlorite  thus  far  seen  by  the  writer  in 
Minnesota.  Badial  areas  and  chains  of  hexagonal  plates  are  beauti- 
fully developed,  aud  show  the  characteristic  optical  characters  of 
the  mineral.  (Fl.  XYII,  A.)  It  seems  to  spring  from  the  decompo- 
sition of  both  basic  and  feldspathic  constituents,  although  it  is  doubt- 
less true  that  the  basic  minerals  play  the  leading  role.'  It  is  associated 
with  quartz,  and  lies  usually  in  clusters  and  bands  of  secondary 
formation. 


pet.  wIcbURan  UlDenlleo.  3d  ad.,  U02,  p.  SMi  aba  Ibid., 


60  GNEISSES,  GABBBO-SCUISTS,  ETC.,  OF  SW.  MINNESOTA,  [bdu.157. 

The  other  localities  in  the  valley  where  chlorite  appears  ate  the 
neighborhood  of  old  Fort  Bidgely,  Redwood  Falls,  Beaver  Falls,  and 
at  several  localities  aroaud  Grauite  Falls  and  Minnesota  Falls.  At  all 
these  places  both  the  hexagonal  plate  and  the  radial  cluster  are 
absent.  OccaBionally  a,  large  area  haying  the  ordinary  characters  of 
hornblende  has  the  optical  reactions  of  chlorite;  again,  small  isolated 
ludividaals  are  discovered.  . 

HORNBLENDE-BIOTITE-ORANITE-GNEISSES. 

In  ascending  the  Minnesota  Valley  the  first  gneissic  rocbs  one  meets 
are  granite-gneisses.  There  are  four  areas  where  the  rocks  are  more 
distinctly  granitoid  than  elsewhere  in  the  valley:  Aronnd  old  Fort 
Eidgely  (PI.  IV),  below  Ortonville  (PL  XIII),  on  the  "  rock  barrens"  in  T. 
114  K,  Bs.  37  and  38  W.  {PI.  VIII),  and  around  Vicksburg,  5  or  6 miles 
southeast  of  the  "  barrens"  and  practically  midway  In  the  valley  between 
Kew  Ulm  and  Ortonville  (PI.  I),  In  all  the  areas  named  the  granite- 
gneisses  carry  inclusions,  sometimes  of  large  size,  of  schistose  rocks. 
They  are,  save  at  Ortonville,  iu  contact  with  the  nbiqoitoas  gabbroid 
schists.  Everywhere  withiu  them  are  seen  numerous  qoartzose  and 
granitic  veins.  The  granite- gneisses  are  everywhere  hornblendic,  and 
usaally  carry  so  much  of  that  mineral  associated  with  thebiotite  that 
they  are  hornblende- biotite- gneisses. 

OETONVIIXE  AEEA. 

Beginning  a  little  below  the  city  of  Ortonville,  and  extending  for  10 
or  12  milos  down  the  Minnesota  River  Valley,  lies  a  series  of  knobs  of 
granite-gneiss.  There  are  places  where  for  a  mile  and  more  no  bed 
rocks  can  be  seen,  the  dtibris  of  the  ancient  Biver  Warren  and  of  the 
Minnesota  having  covered  them.  The  largest  exposures  are  several 
hnudred  paces  iu  extent,  and  occasionally  reach  heights  of  50  to  75 
feet  above  the  bed  of  the  river.  The  map,  PI.  XIII,  locates  the  ledges 
with  sufQcient  detail  save  when  some  special  charaeter  is  to  be  noted. 
The  peculiar  billowy  aspect  produced  by  the  glaciated  surfaces  of  these 
gneissic  rocks  immediately  below  Ortonville  has  already  been  men- 
tioned; so,  too,  has  the  direction  of  the  glaciated  strife,  together  with 
the  morainlc  movements  which  prodnced  tLem,  In  structural  charac- 
ters there  is  some  variation.  Un  the  ledges  nearest  Odessa  there  is 
seen  a  massive  structure  which  only  occasionally  discloses  a  genuine 
lamination.  Yet  as  one  looks  at  the  polished  surfaces  of  the  rock  a 
distinct  parallelism  iu  the  position  of  the  idiomorphic  feldspars  is  seen. 

Passing  eastward  to  the  series  of  exposures  between  the  village  of 
Odessa  on  the  north  and  the  Yellowbauk  Greek  on  the  south  side,  one 
finds  a  distinct  gneissic  structure  prevailing.  The  strike  of  the  lamina 
Is,  on  the  most  typical  exposure,  nearly  K.-S.,  with  a  dip  of  from  40*^  to 
45°  E.  (sp.  5320, 1,400  paces  N.,  GOO  paces  W.,sec.30,T..121  K.,R.45  W.}. 
The  strike  and  dip  cited  for  that  exposure  do  not,  however,  everywhere 
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prevail.  A  variation  to  a  strike  S^E.-SW.  can  be  seen  within  two-thirds 
of  a  mile,  and  doabtless  exists  mach  nearer.  Still  farther  to  the  east 
and  Booth  are  exposares  showing  conspicnoasly  the  parallelism  of  the 
idiomorphic  feldspars  mentioned  as  so  plainly  seen  near  Ortonville. 
TJader  the  railway  track,  near  milepost  168  from  Minneapolis,  od  the 
Ohicago,  Milwaukee  and  St.  Paul  Railway,  lies  a  considerable  mass  of 
^anite-gneiss  (ap.  5312,  5313).  It  contains  inclnsions  of  a  schist,  and 
is  interlaminated  with  a  more  distinctly  gneissic  type  of  rock.  It  has 
been  quarried  for  trestlework,  and  a  good  view  of  the  fresh  surface  can 
be  had.  A  mile  or  so  to  the  west,  and  jnst  south  of  the  railway,  lies 
another  low  exposure  of  very  similar  babit.  The  mineral  constituents 
are  here  very  fresh.  One  mile  south  of  this  spot,  in  a  bend  in  the  river, 
are  several  ezposnres  of  a  similar  granitoid  type,  carrying  considerable 
biotite.  The  rock  here  has  a  reddish  color  and  is  rich  in  feldspars. 
The  direction  of  these  feldspars  is  N^E.-9W.,  with  scarcely  a  trace  of 
mineral  segregation  into  gneissic  laminae.  Yet  only  a  few  hundred 
paces  to  the  southwest  a  knob  of  sharply  gneissic  rock  stands  up  in 
the  bottoms.  The  individuals  of  feldspars — there  are  several  species 
ia  these  rock  masses — are  qaite  fresh,  and  their  outlines  are  well- 
defined  against  the  matrix.  All  species  alike  show  the  nsual  inclusions, 
even  with  the  onaided  eye. 

In  the  old  river  valley,  a  mile  and  more  to  the  south  of  the  Tellowbank 
Creek,  is  a  series  of  exposures.  The  most  southerly  knobs  are  almost 
entirely  devoid  of  foliation ;  for  instance,  those  on  the  Parmenter  farm, 
in  sec.  22,  T.  120  N.,  B.  45  W.  (ap.  5337),  and  another  a  half  mile  west 
(sp.  6336).  Some  show  a  parallelism  of  the  feldspars  (sp.  5338),  while 
others  exhibit  interlaminated  schists  and  a  varying  gneissic  condition 
of  the  acidic  rock. 

The  easternmost  exposures  represented  on  the  map  (PI.  XIII)  con- 
sist of  a  pair  of  knobs  of  considerably  finer  grain  than  the  gneisses  to 
the  west.  A  sharply  defined  parallelism  marks  a  NE.-SW.  direction, 
with  a  dip  to  the  813.  of  40"  to  45^.  Smoothly  glaciated  surfaces  of 
some  of  the  highest  knobs  show  strite  pointing  S,  30°  E.  to  S.  40°  E., 
which  is  the  general  trend  of  the  valley  in  this  upper  [wrtion. 

The  jointing  of  these  rocks  was  everywhere  noted.  Broadly  speak- 
ing, there  are  two  systems  of  joints,  one  having  a  IJE.-SW.  direc- 
tion, and  the  other  a  NW.-8E.  direction;  but  there  are  minor  joints. 
Around  Ortonville  joints  are  comparatively  rare.  The  view  of  Baxter 
&  Son's  qnarry,  shown  in  PI.  XIV  (p.  40),  gives  an  accurate  representa- 
tion of  the  massive  character  of  the  granite-gneiss  at  this  place. 

In  color  the  granite-gneisses  of  the  upper  valley  are  a  light  red.  PI. 
XTI,  A,  shows  the  color  and  texture  in  natural  size.  Exposure  modi- 
fies its  tone  somewhat,  but  where  river  silt  and  glacial  debris  have  kept 
the  surface  covered  it  is  strikingly  fresh.  Examination  shows  thatthe 
color  is  due  to  films  aud  flecks  of  ferric  oxide  infiltrated  along  the  con- 
tact surfaces  aud  cleavage  planes  of  the  mineral  grains.    The  origin 
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of  tbe  ferric  oxide  is  not  so  clear.  The  first  soarce  to  Bugge^t  itttelf  it* 
the  covering  of  glacial  drift,  wlilch  everywhere  contains  a  perceptible 
percentage  of  this  compoand.  Bat  in  tbe  deeper  parts  of  the  extensive 
qaarry  at  Ortonville  the  rocks  are  as  brightly  colored  as  near  the 
sarEace. 

The  microscopic  characters  of  these  rocks  have  already  been  briefly 
described  in  this  chapter. 

Ordinarily  a  medium  textnre  prevails.  This  becomes  somewhat 
coarser  in  certain  leiiticular  areas  which  are  doubtless  dae  to  a  segre- 
gation process.  At  other  places  rather  finely  crystalline,  almost  mioro- 
crystallioe,  patches  are  seen. 

Feldspar  is  the  leading  mioeral.  Tbe  larger  individaals  are  mostly 
idiomorpbic,  freqnently  affording  bright  cleavage  sarl'aces  and  minor 
fractures.  Their  transparency  is  so  gi-eat  that  they  remind  one  of 
shattered  qoartz.  Some  mineral  inclnsioiis  are  present,  the  most  fre- 
qaent  being  quartz,  in  spherical  and  elliptical  grains,  and  other  species 
of  feldspar.  For  instance,  within  the  oligoclase  areas  are  small,  fresh 
microcllDe  individuals.  Somewhat  rarely  the  polysynthetic  twinning 
of  the  tricliuic  individuals  is  clearly  seen.  The  alteration  products  of 
the  feldspars,  save  the  quartz  just  mentioned,  can  not  be  seen  with  the 
unaided  eye.  Where  the  quartz  is  of  the  first  generation  it  has  the 
Skimmed-milk  blue  color  so  common  in  tbe  granitoid  rocks  of  the  entire 
valley.  A  peculiar  opalescence  results  from  this,  which  is  noticeable 
on  fresh  fractures.  lu  the  granite- gneiss  of  ordinary  texture  quartz 
of  the  peculiar  opalescent  phase  is  abnodant.  In  the  finest- grained 
specimens  the  quartz  is  subordinate,  the  feldspars,  with  a  few  areas  of 
biotite,  making  up  the  mass  of  the  rock.  Where  the  rock  becomes 
coarsely  granular  or  pegmatitic,  quartz  assumes  an  increased  impor- 
tance. In  these  places  it  is  more  transparent  than  is  usual.  It  extends 
iu  irregnlar  bands  and  masses  between  the  feldspars,  and  thas  plays 
the  rfile  of  a  matrix. 

The  bisilieate  constitaent,  biotite,  is  not  a  conspicnous  one.  In  many 
instances  hand  specimens  fail  to  disclose  its  presence.  Again  it 
appears  in  such  quantities  as  to  make  the  darker- colored  bands  giving 
the  foliated  condition  seen  on  many  exposures. 

Hornblende  is  not  abundant  in  the  Ortonville  exposures.  It  is  sel- 
dom seen  in  the  surface  specimens,  and  plays  a  very  unimiwrtant  part 
iu  those  taken  from  the  depth  of  the  quarry.  Enoagh  is  present,  how- 
ever, to  give  a  hornblendic  character  to  the  rock.  It  is  usually  scat- 
tered about  in  isolated  grains.  An  apparent  exception  is  seen  in  the 
clustered  condition  of  the  granules  in  the  rare  bisilieate  nodules.  Here 
thehorublende  and  biotite  are  mingled  in  irregular  and  thickly  strewn 
folia,  all  assuming  one  general  direction. 

Tbe  leading  accessory  mineral  in  the  granite-gneisses  of  the  upper 
portion  of  the  valley  is  an  iron  sulphide.  Yet  even  this  mineral  occurs 
only  rarely  around  Ortonville  or  south  of  the  Yellowbank.     At  the 


am.]  HORNBLENDE-BIOTITE-OBANITE-GHEIBSES.  63 

railway  cnt  in  see.  31,  T.  121  HT.,  B.  44  W.,  it  ia  more  plentifnl.  Wh«n 
blocks  have  lain  exposed  to  the  air  for  soDoe  time  beavy  stains  of  iron 
rast  appear.  From  the  readiness  with  which  the  sulphide  decomposes 
it  ia  believed  to  be  marcasite  rather  than  pyrite. 

A  siogle  chemical  analysis  of  the  Ortonville  granite  gneiaa  was  made 
"by  Mr.  A.  D.  Heeds,  of  the  University  of  Minnesota.  Tlie  results  con- 
firm those  of  the  microscopic  examination  as  to  the  nearly  eqnal  pro- 
portions of  potash,  soda,  and  lime  feldspars,  the  sparse  distribatioD  of 
the  bisilicate  constituents,  and  the  comparative  riohness  of  the  rock  in 
qaartz. 

Anaijitii  of  Ortonville  granite-gnein. 
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VICESBDBG    ABBA. 

Aroand  Vicksbnig  for  several  miles  there  lie  huge  masses  of  fn'iinitn- 
grieiss.  In  places  a  very  massive  appearance  is  seen,  and  again  a  dis- 
tinctly foliated  condition  prevails,  where  great  contortion  characterizes 
the  surface.  There  is  almost  no  interruption  in  the  occnrrence  of 
exposures  as  one  approaches  the  Vicksburg  ferry  from  Redwood  Falls. 
Some  of  the  exposures  stand  high  above  the  river  bottoms,  reaching 
well  toward  the  height  of  the  blufl's  of  glacial  debris,  and  others  are 
low  in  altitude  and  insignificant  in  area.  Strike  and  dip  here,  as  every- 
where else,  vary  considerably.  In  see.  13,  T.  113  N.,  B.  36  W.,  a  red- 
dish, clearly  foliated  gneiss  (sp.  5384)  of  medium  textnre  strikes  N.  80° 
E,  and  dips  30°  S.  The  outcrop  stands  on  a  bench  in  the  blaff,  and 
reaches  an  altitude  of  45  to  50  feet  above  the  bottoms  through  which 
the  present  river  has  cut  its  channel.  The  chief  mineral  constituents 
of  this  rock  are  quartz  and  microcline.  Other  feldspars  are  extremely 
sparse.  Quartz  is  present  in  at  least  two  generations.  The  few  small 
areas  of  hornblende  are  partially  chloritic,  and  in  nearly  every  instance 
carry  minute  grains  and  needles  of  what  was  regarded  as  titanite. 
The  rock  shows  evidence  of  alteration  of  its  feldspars  and  bisilicate 
coDstituentB.  Some  of  the  more-altered  feldspars  of  the  ancient  gen- 
erations contain  small  folia  of  secondary  muscovite. 
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FOBT  BIDGELY  ABBA. 

Opposite  New  TJlm,  in  aeo.  27,  T.  110  N.,  B.  30  W.,  is  a  granite  tJ^Deisi 
which  ia  weathered  to  an  extent  much  beyond  that  of  the  ordioaiy 
gneisses  of  the  valley.  This  is  due  largely,  uo  doubt,  to  its  protected 
position  at  a  lower  level  than  the  beds  of  basal  conglomerate  lyiog  in 
its  immediate  neighborhood.  An  apparent  bedding  prevails,  dipping: 
15°  to  20°  toward  N.  00°  E.  The  jointing  is  extremely  marked  and 
the  rock,  as  a  whole,  is  greatiy  shattered.  The  habit  of  the  rock  in 
porphyritic,  orthoclase  crystals  being  often  an  inch  or  two  in  length. 
They  cramble  eaaily.  The  red  color  characteristic  of  this  groap  of 
exposures  lies  in  the  feldspars.  Considerable  white  quartz  is  seen  in 
the  form  of  veins.  These  veins  are,  as  a  rule,  lenticular  in  shape,  yet 
sometimes  they  are  in  narrow,  tortuous  bands.  The  basic  constituents 
consist  largely  of  hornblende,  with  occasional  grains  of  epidote.  The 
quantity  of  biotite  present  is  small,  and  only  a  few  small  folia  of  mua- 
covite  were  seen. 

In  the  neighborhood  of  old  Fort  Eidgely  the  granitoid  gneisses  are 
mnch  fresher,  firmer,  and  more  massive  than  in  the  exposures  near  Nevr 
Ulm.  At  the  old  ferry  and  ford,  where  some  years  ago  quarrying  wan 
done  for  the  barracks  at  the  fort,  and  a  little  farther  np  the  river,  on  the 
line  between  sees.  1  and  2,  T.  Ill  K.,  K.  3A  W.,  lie  extensive  exposures. 
The  rock  shows  a  lamination  in  the  somewhat  rare  bauds  of  more  basic 
material  and  in  the  arrangement  of  the  large  porphyritic  feldspar  indi- 
viduals (sp.  5415).  While  the  rock  shows  in  places  considerable  con- 
tortion, the  general  direction  of  the  laminee  is  N'.-S.  The  dip  is 
we.ster1y,  averaging  50°.  The  red  color  which  here  largely  prevails  is 
due  to  a  staining  by  ferric  oxide  which  has  penetrated  the  cleavage 
crevices  of  the  feldspars. 

Both  original  and  secondary  feldspars  are  present.  In  many  original 
feldspar  individuals  the  inclusions  are  so  large  that  they  can  readily  be 
seen  with  the  unaided  eye.  They  are  chiefly  granules  of  quartz,  horn- 
blende, and  biotite,  although  some  interesting  intergrowths  of  the 
feldspars  were  seen  (sp.  5187,  5188).  Frequently  the  sides  and  ends 
of  the  idiomorphic  leldspars  are  corroded  to  such  an  extent  as  to  show 
marked  irregularities  in  ontline.  There  is  little  orthoclase,  the  pri- 
mary and  in  large  part  idiomorphic  individuals  which  the  rock  cod- 
taius  being  mostly  microcliue  and  one  or  more  plagioclastic  varieties. 
In  size  they  are  frequently  an  inch  or  more  in  length.  The  character- 
istic crosshatcbing  of  the  microcline  is  sharply  drawn,  few  individuals 
being  so  decomposed  as  to  have  the  marking  obliterated.  Frequently 
crystals  show  beautiMly  both  the  Carlsbad  and  the  polysyntbetic  twin- 
ning. In  places  there  is  a  narrow  reaction  rim  around  these  micro- 
clines  as  they  come  in  contact  with  the  albites  and  quartzes.  As  the 
result  of  a  nnmber  of  measurements,  the  triclinic  feldspar  is  found  to 
vary  between  1°  and  12°  in  extinction  angle,  and  is  therefore  regarded 
as  oligoclase  albite.    It  shows  more  alteration  than  the  microcline. 
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The  greuetic  relatious  of  the  two  varieties  were  not  stadied  at  this  par- 
ticalar  locality.  The  twioning  8tri%  are  very  fine  and  are  often  con- 
siderably altered  along  their  boundary  edges.  Instances  are  noted 
wbere  half  of  an  individaal  is  strongly  twinned  and  tlie  other  half 
is  entirely  free  of  twinning  striations.  Other  cases  occur  where  on 
either  side  of  a  feldspar  area  the  strong  crosshatchiug  of  microclioe 
can  be  seeu,  while  the  middle  part  of  the  grain  bears  every  evidence 
of  orthoclase. 

The  secondary  feldspars  consist  of  small,  transparent,  brightly  polar- 
izing areas,  and  are  of  very  frequent  occurrence  in  all  varieties  of  the 
mineral.  These  secondary  individuals  are  usually  free  from  inclusions. 
They  are  arranged  in  strings  and  bands  iu  the  midst  of  the  interstitial 
matter  which  sarrouods  the  minerals  of  primary  consolidation. 

Quartz  ocitnrs  in  two  generations.  Biotite  and  hornblende  arepreseut 
in  nearly  equal  proportions,  the  former  in  much  better-defined  areas 
than  the  latter.  In  many  of  the  hornblende  areas  there  lie  mauy 
granular  inclusions  of  an  opaque  material  which  bears  every  evidence 
of  secondary  origin.  Its  nature  could  not  be  clearly  determined;  it 
may  be  pyrite.  Cubes  of  pyrite  are  occasionally  seen.  Sphene  in  small 
quantities  was  noted.  In  the  areas  once  occupied  by  the  primary  basic 
constituents  are  clustered  hornblende  granules  mingled  with  secondary 
quartz,  biotite,  and  some  opaque  material,  probably  either  magnetite 
or  pyrite.  The  position  and  associations  of  these  grannies  suggest 
their  derivation  through  the  alteration  processes  which  have  obliterated 
the  original  minerals  and  made  possible  the  nests  of  clustered  secondary 
minerals. 

Veins  or  lenses  of  qnartz  were  noticeable  in  one  or  two  exposures, 
particularly  at  1,500  paces  N.,  750  paces  E,,  sec.  2,  T.  Ill  N.,  E.  33  W. 
They  vary  in  width  from  a  fraction  of  an  inch  to  4  and  more  inches. 
Horizontally  they  rarely  extend  more  than  Sot  8  feet.  Their  general 
direction  is  N.  65°  W.  The  quartz  of  these  veins  is  somewhat  opales- 
cent, although  less  so  than  in  the  veins  crossing  the  augite  gneiss  at 
La  Framboise's  and  Hiudarmann's  farms  5  miles  down  the  river.  This 
character  is  due,  doubtless,  to  the  minute  crystals  regarded  as  rutile 
which  abound  in  this  mineral.  Jointing  is  very  conspicuous  in  the 
neighborhood  of  Fort  Bidgely.  TJpon  the  massjust  located  conspicuous 
joints  ran  S.  80°  W,  across  the  water-eroded  surfaces.  They  dip  south- 
ward at  an  inclination  of  05°.  Another  system  of  joints,  at  right  angles 
to  the  first,  dips  westward  at  the  same  angle,  viz,  05°.  Joints  with 
similar  directions  appear  at  the  old  Government  quarry  in  the  same 
section  and  only  300  paces  away  to  the  northeast. 

Along  what  seems  to  be  a  boundary  between  the  dark-colored  and 
reddish  phases  of  these  gueissic  exposures  lie  several  iuterlaminated 
masses  of  a  hombleade- biotite- schist.  These  masses  vary  greatly  in 
size,  some  of  tbem  being  no  larger  than  hen's  eggs,  while  the  largest 
extended  so  far  downward  and  under  the  turf  that  its  boundaries  could 
Bull.  157 5 
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not  be  determined.  The  texture  of  these  inclDsions  is  medinm ;  their 
Btractare  is  distiuctly  schistose.  As  they  weather  at  the  surface  they 
Beem  to  bleach,  through  the  alteration  of  the  dark-colored  coQetitaents. 
These  incluBious  occur  ia  mauy  other  places  over  the  sarfaces  of  these 
exposures  thait  at  the  contact  zone  named;  yet  along  this  zone  they 
Be«m  to  be  segregated.  The  contact  between  the  iDclasioas  and  the 
granite-gneiss  containing  them  is  sharply  drawn.  A  porphyritic  con- 
dition of  the  rocks  is  elsewhere  shown  through  the  development  of 
the  feldspars.  So  far  as  the  basic  coiistituenta  appear  to  the  naked 
eye,  they  are  finely  granular  and  lie  in  the  angles  and  along  the  contact 
zones  of  the  feldspars.  The  quarts  areas,  T7berever  they  can  be  seen, 
assume  a  like  position,  but  this  position  is  noted  in  the  clusters  of 
grains  as  they  lie  in  the  rock  rather  than  in  the  direction  of  tbe 
crystallograpbic  axes  of  the  individuals. 

\UGITE-BIOTITE-GRANlTE-GNEISSES. 
LA  FRAMBOISE   AKEA. 

In  several  sections  around  La  Framboise's  farm,  15  mUes  in  an  air 
line  northwestward  from  New  Ulm,  occnr  many  large  masses  of  a  fresh, 
firm,  granitoid  gneiss.  Near  the  stage  road,  and  just  under  the  pro- 
jecting morftiuio  northeast  wall  of  the  valley,  stands  a  very  siliceons 
red  rock  (sp.  5193).  The  whole  exposure  is  shattered  into  rhombcNdal 
blocks  by  joints  running  N.  75°  E.  and  N.  1(P  E.,  the  former  set  dip- 
ping 60°  SE.  and  the  latter  70°  SW.  The  lamination  of  the  rock, 
which  ia  very  obscure,  strikes  N.  20°  to  30°  W.  and  dips  at  an  angle  of 
20^^  S.  Toward  the  river  the  rocks  assume  a  grayer  color  and  are  much 
less  shattered.  Their  surfaces,  which  are  waterworn  and  not  glaciated, 
are  grooved  and  undulating,  and  disappear  at  a  gentle  angle  beneath 
the  turf.  Yet  several  abrupt  faces  30  to  50  feet  high  show  consider- 
able erosion.  The  texture  is  medium,  but  it  varies  in  places  to  a  finely 
granular,  granitic  type.  Microcline  individuals  several  inches  across 
are  met  with.  Inclusions  of  the  gabbroid  rocks  also  appeal,  with 
sharp  contacts  wherever  contacts  can  be  seen,  but  their  area  could  not 
be  made  out,  owing  to  the  covered  condition  of  the  rocks.  A  banded 
Btractnre  appears  at  times,  bnt  the  usual  evidence  of  gueissie  charac- 
ter is  the  parallel  arrangement  of  the  constituent  minerals,  particularly 
the  feldspars. 

At  Hindannanu's  farm,  a  half  mile  west  of  La  Framboise's,  a  distinct 
lamination  is  developed  through  the  segregation  of  biotite.  More 
rarely,  too,  a  lamination  is  produced  by  the  development  of  lenses  of 
quartz  in  the  shape  of  thickenings  of  siliceous  veins.  In  color  the 
more  laminated  portions  of  the  exposures  are  the  darker,  the  color 
appearing  to  lie  as  much  in  the  feldspar  as  in  the  quantity  of  biotite 
and  its  representative.  Where  the  color  is  red,  it  is  due  to  infiltrations 
ia  the  interstices  of  the  feldspars  and  in  the  crevices  between  the  feld- 


HAij-i  AUGITE-BIOTITE-GRANITE-GHEIRBES.  67 

Spars  and  the  qnartzes.  The  gray  <H)Ior  varies  with  the  conditioo  of 
the  feldspars. 

A  microscopical  examinatioD  nbows  these  granitic  gneisses  to  be 
pyroxenic,  and  that  the  pyroxene  is  to  a  considerable  extent  hyper- 
stbene.  This  constituent  occnpiea  but  a  small  plaoe  in  the  mineral 
composition  of  the  roch.  Only  now  and  then  will  a  section  show  its 
presence.  The  grains  are  small  and  irregular.  On  the  cleavages  and 
other  fractures  of  the  grains  alteration  has  changed  the  pyroxenic 
material  to  a  fibrous  biotite.  Rarely  the  product  of  the  alteration  is  a 
hornblende,  and  in  two  or  three  places  chlorite  was  seen.  This  pyrox- 
enic constituent  is  of  two  kinds,  apparently  aboat  equal  tn  quantity, 
one  of  which  shows  more  or  less  dichroism  (depending  on  the  thickness 
of  the  section),  a  parallel  extinction,  and  the  sharp  prismatic  cleavage 
of  hypersthenej  the  other  appears  in  more  or  less  rounded  grains, 
irregular  cleavage,  little  or  no  pleochroism,  and  with  the  high  extinction 
angle  of  augite.  The  alteration  products  of  the  two  minerals  seem  to 
be  identical,  their  color  and  degree  of  transparency  being  about  equal. 
Inclusions,  except  as  they  bear  some  relation  to  the  alteration  proc- 
esses, are  very  rare  and  ioBtgniflcant.  Surrounding  most  of  the  pyrox- 
ene grains  of  both  kinds  are  the  alteration  products,  biotite  and  small, 
brightly  polarizing  quartz  grains,  with  occasionally  some  minute  indi- 
viduals of  hornblende. 

Several  varieties  of  feldspar  are  found  in  the  rock.  The  pl^oclases, 
when  measured  in  the  zone,  all  exhibit  the  low  extinction  angle  of  the 
albite  end  of  the  series,  from  2°  to  10"^  being  the  usual  measurements. 
The  plagioclase  seems  to  show  more  alteration  than  the  orthoclase  and 
microcliue.  Cloudiness  generally  obscures  the  twinning  planes,  and 
areas  of  clear  quartz  of  minute  size  frequently  stud  their  surfaces, 
derived,  apparently,  throngh  the  decomposition  of  the  feldspar  areas  in 
which  they  lie  embedded.  Microcline  is  present  in  many  large,  well- 
defined  individuals.  More  rarely  areas  show  the  optical  characters  of 
ortboclase.  These  two  varieties  are  free  from  alteration  phenomena, 
yet  they  exhibit  undulatory  extinction  to  an  unusual  extent,  and  in 
places  (sp.  5179)  induced  cleavage  phenomena  are  disclosed. 

Quartz  plays  an  important  role.  The  larger  an<l  more  conspicuous 
individuals  exhibit  large  numbers  of  liquid  inclusions  and  many  long, 
needlelike  crystals  of  nttile.  This  last-named  mineral  is  found  in  large 
quantities  in  the  feldspars  also.  In  many  areas  in  proximity  with  the 
feldspars  a  microcrystalline  condition  of  the  quartz  is  rather  promi- 
nent, showing  all  the  indications  of  a  secondary  origin.  Isolated 
minute  grains  occur  frequently  within  the  feldspars,  particularly  the 
plagioclases.  Vermicular  quartz  is  conspicuous  in  many  slides  (sp. 
5179,  5193),  and  seems  to  grade  into  the  granular  quartz  already 
noted.  One  character  which  i.'*  noticeable  in  all  the  slides  is  the  sharp 
outline  of  all  the  quartz  areas  against  the  discolore<l  edges  of  the  feld- 
spars.    Apatite  in  needlelike  crystals  is  sparsely  present. 
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Aa  might  be  expected  &otii  the  small  proportion  of  the  baaio  constitn- 
ents  to  the  whole  mass,  the  rock  is  acidic.  Specimen  5179  was  analyzed 
by  A.  O.  Dinsmore  and  W.  P.  Millihen  in  the  laboratory  of  the  Uni- 
versity of  Minnesota.  It  was  selected  as  a  representative  sample  of 
the  granitoid  type.  It  contains  qnartz  and  a  mineral  that  acts  optically 
likeorthoclase  feldspar,  both  in  large  proportions.  A  plagioclase  of  low 
extinction  angle  occnrs  in  a  few  grains  so  altered  that  only  in  places 
conld  the  twinning  striie  be  clearly  made  out.  The  alteration  products 
are  a  kaolinic  substance  and  vermicular  quartz.  The  basic  constituents 
appear  in  exceedingly  small  quantity.  They  are  biotite  and  horn- 
blende. 

Mr.  Otto  E.  Foliu  analyzed  specimen  5723,  which  represents  the  more 
schistose  portion  of  the  rock  at  La  Framboise's.  Taken  near  the  sur- 
face, it  shows  some  discoloration,  due  to  weathering,  and  doubtless  a 
larger  proportion  of  biotite  is  present.  In  field  characters  this  speci- 
men can  not  be  separated  ftom  the  granitoid  phases  with  which  it  is  in 
several  places  associated. 

Jnalgttt  of  iiranifoid  pneiwn. 
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The  schist  (sp.  6721)  at  Hindarmann'K,  less  than  a  mite  away,  showB, 
as  an  average  of  two  determinations,  70.56  per  cent  of  silica.  Min- 
ernlogically  the  rock  is  practically  identical  with  specimen  5723.  Speci- 
men 5721  is  the  more  altered.    Both  are  much  shattered. 

OBANITE   FALLS  AREA. 

Near  Granite  Falls  are  localities  where  rock  similar  to  that  at 
La  Framboise's  appears.  Along  the  Great  Korthern  Railway,  recently 
built,  some  qaarryiug  had  been  done.  Extensive  work  was  abandoned 
when  it  was  found  that  the  rock  was  so  shattered  that  dimension  stoue 
conld  not  be  quaiTied.  This  is  a  typical  gneiss  so  far  as  pertains  to 
structure,  Jilthougli  considerable  variation  can  be  seen.  Inclusions  of 
schist,  some  of  them  many  feet  in  extent,  are  present. 

The  gneiss  is,  in  general,  a  rock  of  medium  color.  It  ia  strongly  foli- 
ated by  the  alteration  of  quartz- feldspar  bands  with  those  consisting 
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largely  of  the  biailicate  minerals.  The  qnartz  and  feldspar  present  the 
usual  characters  of  these  minerals.  The  latter  is  represected  by  ortho- 
clase,  micTocline,  and  a  plagioclase  of  albitic  extinction.  The  bisilicate 
constituents  are  mnscorite,  biotite,  hornblende,  and  one  or  two  pyrox- 
enes. The  muscnvite  is  present  in  small  folia  scutt«red  through  a  few 
altered  feldspars,  aud  none  was  seen  that  did  not  have  that  ixwitioD. 
The  biotite  exhibited  some  folia  of  large  size  as  compared  with  the 
coarseness  of  grain  of  the  rock.  In  places  a  finely  granular  condition 
is  conapicnons  in  thin  sections.  Th«se  areas  are  in  snch  relation  to 
the  hornblende  and  pyroxene  that  their  derivation  from  these  min- 
erals seems  clear.  The  hornblende,  while  not  abundant,  is  present  in 
namerons  places  and  always  in  association  with  the  pyroxene.  Nowhere, 
save  in  the  schistose  inclusions,  was  it  seen  in  good-sized  independent 
iodividnals,  bat  rather  as  a  fibrous  uralitic  variety,  with  indistinct 
optical  reactions. 

The  pyroxene  reacts  like  hypersthene;  it  shows  the  dichroism  and 
nsnally  the  parallel  extinction  of  this  mineraL  It  does  not  occur  in 
large  individaals,  as  is  the  case  in  the  gabbroid  rocks  of  the  valley, 
bat  the  areas  are  segregations  of  numerous  granules  of  varying  size. 
Their  edges  are  frequently  fringed  with  the  beginning  of  decomposition, 
as  shown  in  the  uralitic  alteration  product.  The  central  portions  of 
the  segregations,  as  well  as  the  individual  grains,  are  rather  firesh. 
Accessory  minerals  are  few  and  of  the  same  species  as  are  met  iu  nearly 
every  gniessic  exposure  of  the  valley. 

In  the  same  areas  in  which  the  above-described  angitic  granite-gneiss 
occnrs  there  is  also  present  the  normal  hurnblende-biotite  granite- gneiss. 
The  color,  texture,  etc.,  as  well  as  the  petrologicul  characters,  are  dif- 
ferent, but  there  is  no  place  where  the  field  relatioustiips  can  be  seen, 
and  thus  a  basis  be  formed  for  discussing  their  genetic  relations. 

AREA  IN  T.  114  N.,  K.  37  W. 

A  rock  of  special  interest  occurs  in  the  "rock  barrens"  in  sees.  7  and 
8,  T,  114  N.,  B.  37  W.  It  is  a  mass  of  rock  qnite  different  in  out- 
ward aspects  and  internal  structure  and  constitution  from  any  of  the 
gneisses  which  lie  around  it.  It  varies  from  them  in  color  and  texture, 
as  well  as  in  general  habit,  to  a  very  marked  degree.  The  color  of  the 
rock  is  reddish,  except  where  angite  or  biotite  predominates,  when  it 
becomes  greenish  or  black,  or  where  the  feldspar  becomes  microcline, 
when  a  dirty  white  prevails.  The  texture  is  iu  places  very  coarse  and 
pegmatitic,  aud  again  it  is  fine  and  sharply  ciystalline.  Where  the 
textare  is  coarsest  some  work  has  been  done  in  a  search  for  gold,  but, 
eo  for  as  could  be  learned,  entirely  without  success.  In  this  work  an 
exeavatioD  of  several  feet  had  been  made  (Ellingson's  mine),  in  which 
a  aeries  of  specimens  was  secured.  Here  were  noted  cleavage  planes 
on  some  of  the  feldspars  which  were  several  inches  across.  Augite 
crystala  were  also  broken  out  which,  while  in  an  imperfect  coDdition, 
were  more  thao  an  inch  in  diameter  and  of  still  greater  tengtb. 
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Beneath  tlie  road,  juat  north  of  the  soath  line  of  aec.  7,  in  the  town- 
Bhip  cited,  some  blasting  has  been  done.  Here  the  rock  has  a  medium 
texture,  a  bright,  fresh  color,  and  the  feldspars  are  greatly  in  predomt- 
oance.  In  general  featnres  this  rock  has  every  appearanceof  a  gabbro. 
The  color  and  habit  of  the  feldspars,  the  presence  of  aiigite,  the  tend- 
ency in  this  mineral  to  alter  into  hornblende  and  biotite,  the  segregated 
condition  of  the  mineral  constituents,  all  tend  to  give  a  decidedly  gab- 
broid  and  nongneissic  aspect  to  the  rock. 

The  bonndaries  of  this  group  of  exposures  are  bard  to  follow,  as  the 
earface  is  to  a  great  extent  covered  with  grass.  Everywhere  that  rocks 
were  sampled  at  short  distances  from  the  above  exposares  they  proved 
to  be  the  ordinary  red  hornblende-biotite-gneiss  or  simply  biotite- 
gneiss.  It  is  clear,  therefore,  that  this  series  of  specimens  (5372-5375, 
inclnsive,  and  5748-575^,  inclnsive)  does  not  represent  a  rock  variety  of 
great  extent  or  wide  distribution.  The  only  other  place  in  the  valley 
where  similar  features  were  seen  was  at  Morton,  where  certain  inclu- 
sions in  the  ordinary  gneiss  gave  an  appearance  similar  to  this.  Yet 
at  Morton  a  gueissic  arrangement  of  the  mineral  constitnents  is  very 
pronounced,  while  here,  on  the  rock  barrens  at  the  EUingBOU  location, 
the  gneissic  character  is  due  partly  to  the  direction  of  the  feldspars  in 
the  ordinary  texture  of  the  rock. 

There  is  nothing  of  note  in  the  weathering  of  this  rock  variety.  All 
its  phenomena  are  identical,  ao  far  as  observed,  with  those  of  the  ordi- 
nary gneisses  of  southwestern  Minnesota.  Where  the  texture  is  coarse 
the  corrosion  or  weathering  has  been  greatly  a<;celeratcd. 

There  are  observed  various  gneissic  phases  lirom  the  granitoid  to  tbe 
well-defined  gneissic  alteration  of  btsilicate  and  feldspathic  bands  of 
mineral  constituents.  A  strike  of  the  banding  K  70°  E.  is  seen,  and 
the  dip  at  Ellingson's  mine  is  N.,  while  in  the  road  in  sec  7,  T.  114  N., 
B.  37  W.,  the  strike  is  NE.-8W.,  with  a  vertical  dip.  Some  variation 
from  the  above  strikes  and  dips  was  seen  at  other  places. 

In  microscopical  characters  this  rock  is  interesting.  There  is  little 
quartz  present,  and  what  was  seen  gave  every  evidence  of  secondary 
origin.  It  occurs  in  the  areas  of  pyroxeuic  alteration  to  amphibole 
and  where  biotite  has  been  formed.  There  are  also  bands  of  quartz 
grains  arunud  the  borders  of  the  frayed-out  feldspars  in  the  altered  por- 
tions of  the  rock.  The  feldspars  themselves  are  largely  microcline  and 
partly  a  plagioclase  of  low  extinction,  regarded  as  anorthoclase  or 
albite,  with  an  occasional  area  of  labradorite  habit.  In  quantity  tiie 
feldspar  varies  greatly,  some  hand  specimens  showing  but  a  small  pro- 
portion, while  others  are  made  iip  almost  wholly  of  the  feldspars  and  a 
few  scattering  grains  of  quartz.  The  pegmatitic  samples  show  the 
feldspathic  coustitaeut  to  be  chiefly  microcline,  which  carries  namerons 
intergrowths  of  albite  and  occasional  inclusions  of  some  variety  of 
higher  extinction  well  toward  the  anorthite  end  of  the  series. 

The  angite  is  green  in  color,  weak  in  dichroism,  and  rather  strongly 
cleaved.    It  possesses  the  physical  characters  of  the  ordinary  variety 
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of  the  Diiiieral.  Unecrystal,  more  than  an  iuchtliroQgb,  measured  very 
nearly  ST'^  &ud93<3  on  its  prismatic  angles.  Tha  usual  extiDction  angle 
on  prismatic  cleavages  was  39°  to  43°.  Alteration  baa  begun  in  many 
lilaces,  and  green  hornblende  is  the  first  resultant  product.  Its  first 
appearance  was  in  small  fresh  areas  in  the  midst  of  the  augite  individ- 
uals or  in  similar  condition  around  tbeir  borders  (sp.  f>372, 5374,  574S, 
57-(l),  followed  in  later  changes  by  well-deflucd  individaals  (sp.  5749, 
5750)  in  wbich  all  the  characters  of  common  green  hornblende  are  well 
displayed. 

Biotite  plays  a  somewhat  important  role  in  this  series  of  specimens. 
It  is  fonnd  in  large,  well-marked  folia,  even  in  those  sections  where 
hornblende  is  just  appearing  along  the  edges  of  the  augite  individuals 
(sp.  5372,  5751).  The  relation  of  the  biotite  to  the  angite  in  such  sec- 
tions as  were  made  of  specimen  5748,  where  small  areas  of  biotite  lie  in 
the  midst  of  large  augites,  and  its  entire  absence  in  other  specimeos 
where  hornblende  is  strongly  develox>ed,  give  strong  suggestion  of  its 
being  a  secondary  mineral,  and  that  its  host  is  angite,  and  possibly 
in  places  hornblende  also. 

Sphene  and  epidote  are  both  present  in  small  quantities.  The  former 
isclearcntand  wedge-shaped  where  the  sections  are  in  proper  position. 
The  ftkvorite  situation  of  the  sphene  is  the  circumference  of  the  horn- 
blende nests  where  associated  with  granules  of  quartz.  It  forms  the 
boundary  zone  between  these  nests  and  the  feldspars  which  make  up 
the  mass  of  the  rock.  Apatite  Is  seen  in  the  usual  well-defined  crys- 
tals, some  of  them  attaining  considerable  size. 

It  is  difficult  to  determine  the  relationship  of  this  rock  to  the  ordinary 
homblende-biotite-gneisses  around.  Nowhere  could  the  contact  of 
tlie  two  be  seen;  yet  the  abrupt  change  in  textnre  and  mineral  compo- 
sition shows  them  to  be  widely  different  rocks.  This  augitic  rock  does 
not  show  evidence  of  being  ordinary  inclusions  in  the  gneisses,  like 
the  masses  which  Mr.  A.  H.  Elftman  has  fonnd  in  the  granites  of 
northeastern  Minnesota,'  nor  like  those  which  the  writer  has  seen 
aronnd  Bhinelander,  Wisconsin.'  Regarding  the  resemblances  of  the 
latter  rock,  Professor  Van  Hise  noted  these  points : 

llie  luicrocline  ia  very  plentiAil  anil  thu  feldspars  ia  extinvtiun  angles  and  species 
sn  tlie  same  an  in  tbe  granitoB  [of  central  Minneeota],  The  areas  of  biotite,  angite, 
and  horablende  are  large  and  numernuB,  the  three  minerals  together  composing  moM 
than  one-hair  of  the  rock  (sp.  5374).  The  biotite  occurs  in  large  brown  flakes, 
exactly  B8  in  the  hornblende- biotite -granites.  As  in  thcs<i,  thu  hornblende  is  Bee- 
unilary  to  the  augite,  but  this  epecimen  liifTers  from  imy  of  them  in  the  great  relative 
abundance  of  augite,  not  more  tlian  one-foiirtli  or  one-hfth  of  this  minctal  having 
altered  to  hornblende.  If  this  nlteration  from  augite  to  honiblenctt)  bad  proceeded 
farther  and  a  portion  of  the  feldspar  had  been  replaced  b;  quarts,  this  rock  would 
bave  become  u  homblende-bioti  te- granite. ' 

'  PnUmlDBiy  report  of  field irork  doling  1SB3  la  norttaeaHtarn  Minnesota,  by  ArtbarHuguBlrtman; 
Bd  Ann.  Sept.  Oeol,  S»l.  Blat.  Sorvey  MinnegoU.  1894,  p.  IST. 

'G»lD|cial  eionrsEan  InM  ceatrnl  WIhcoubId,  b}-  C.  W.  Boll :  Hull.  Ulnn.  Acad.  Nat.  Sci.,  Vol. 
ni,No.2.1»l,  p.258. 

'T«nHl»e,  nnpnbliilied  manaKript,  i-i.i  i-^  ";■  «-•>-■--•  :i.ii 
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The  foregoing  very  accurately  expresses  the  conditiona,  aud  the  writer's 
opinion  is  that  here  is  a  group  of  rocks  which  bears  strong  evidence  of 
being  a  mass  erupted  under  the  same  conditions,  and  possibly  at  the 
same  time,  as  the  great  granite  masses  of  central  Minnesota,  which  have 
their  typical  development  around  St.  Cloud,  Sauk  Kapids,  and  Watab. 

HORNBX.BNDE-BIOTITE-GNEISSES. 

With  DO  perceptible  change  in  the  conditions  and  occnrreDce,  the 
granite-gneisses  of  sec.  13,  T,  11:2  N.,  11.34  W.,  and  the  chlorite-gneisses 
of  sec.  10,  T.  112  N.,  B.  34  W,,  give  place  to  the  sharply  contorted 
homblendic  biotite-gneisses  of  Morton  and  Beaver  Falls.  That  the 
rocks  around  tliese  two  villages  reach  a  considerable  height  above  the 
present  level  of  the  river  han  already  been  pointed  out  in  Chapter  III. 
They  stand  nearly  to  the  height  of  the  prairies  on  both  sides  of  the 
river  valley.  Indeed,  this  prominent  position  of  the  knohs  of  contorted 
gneiss  can  be  seen  in  many  places;  a  few  miles  above  Bedwood  Falls, 
on  the  south  side  of  the  Minnesota;  in  the  gorge  of  the  Bedwood  Kiver 
at  and  below  Bedwood  Falls;  on  both  sides  of  the  Minnesota  River 
around  Vicksburg;  at  Minnesota  Falls;  at  Granite  Falls;  and  in  the 
bottoms  below  Montevideo.  The  prairie  exposares  located  on  PI.  XV 
are  all  of  this  mineral  type.  The  sharp  contortion  prevailing  in  certaiu 
localities  locally  obscures  the  strike  and  dip  phenomena.  In  spite  of 
this  obscarity  the  general  NE.-SW.  trend  of  the  pre-Cambrian  forma- 
tions across  this  portion  of  the  State  can  not  be  doubted,  Dor  can 
the  series  of  crustal  waves  whose  crests  appear  several  times  between 
Xew  Ulni  and  Ortonville.  In  many  places  the  hornhlende-blotite- 
gneisses  are  very  fresh.  Elsewhere  there  is  complete  obliteration  of 
all  the  normal  characters  of  a  gueissic  rock,  save  perhaps  in  the  lami- 
nation, through  the  complicated  alteration  process  which  the  rocks 
have  undergone.  The  two  extremes  of  the  secies,  the  t^-esb  and  the 
completely  altered,  as  well  as  every  intermediate  stage,  can  be  seen 
where  the  Pacific  division  of  the  Minneapolis  and  St.  Louis  Railroad 
crosses  the  Minnesota  Valley  from  the  prairies  of  the  north  side  to 
those  of  the  south  side  of  the  river.  This  is  along  the  sonth  side  of  T. 
113  K,,  Bs.  -34  and  Sit  W.  In  the  quarries  and  railway  cnts  at  Morton 
occur  some  of  the  freshest  exposures  of  tlie  valley,  or,  for  that  matter, 
of  the  whole  N'orthwest,  and  in  the  Birch  Cooley  Gorge,  only  IJ  miles 
away,  can  be  seen  equally  fine  and  typical  examples  of  the  very  extreme 
of  alteration.  Within  a  radius  of  4  miles  of  Morton  every  intermediate 
phase  of  alteration  can  be  seen.  These  phases  have  been  considered  in 
another  place,  and  here  only  the  mineral  and  physical  characters  of  the 
normal  gneiss  will  be  discussed. 

MORTON  ABEA, 

In  the  quarries  and  railroad  cut  at  Morton  were  found  the  exposures 
of  freshest  and  apparently  least-altered  gneiss  seen  in  this  portion  of 
the  valley.    Fig.  5  (p.  28)  shows  the  contorted  condition,  with  schistose 


HAU-i  H0RNBLENDE-BI0TITE-GNEI8SES.  73 

iutrusioiia,  and  leuticalar  iiiclueioim  of  coarser  aud  scarcely  laminated 
material.  PI.  X  YI,  B,  shows  the  miueral  laiuiuatioii  of  the  rock  aa  seen 
in  the  natnral  coatseness  at  the  Morton  quarries.  The  general  color 
is  dark  gray,  due  to  the  light-pink  hue  of  the  feldspar  and  the  large 
proportion  of  biotite.  The  arrangement  nud  the  thickness  of  the  min- 
eral bands  vary  considerably.  Lenticalar  masses  are  freqneut,  com- 
posed largely  of  biotite,  hornblende,  and  gnartz.  These  are,  as  a  rale, 
schistose  and  of  medinm  grain.  Leas  frequently  the  inclusions  are 
decidedly  homblendic,actinolite  being  a  prominent  constituent.  Indi- 
vidaal  areas  within  these  inclnsious  shade  off  from  green  to  white. 
They  extinguish  at  angles  of  from  9°  to  17°  from  the  position  parallel 
to  the  principal  cleavage.  Such  actiiiolitic  inclusions  are  not  large, 
nor  were  they  observed  near  tlie  surface.  It  was  in  the  deepest  por- 
tions of  the  quarry  that  the  specimens  were  taken  (ap,  5737).  Scarcely 
any  mineral  save  hornblende  is  present  in  these  lenses. 

The  coarser  pegmatitio  inclusions,  consisting  chiefly  of  orthoclase  and 
miorodine,  are  more  frequent  in  some  places  than  in  others;  for 
instance,  at  the  railroad  cut  at  the  bank  of  the  river  they  abound,  while 
in  the  quarry  some  rods  away  they  are  rare.  Tbe  bands  of  the  normal 
foliated  gneiss  in  places  abut  directly  against  these  pegmatitic  masses; 
again  they  wind  around  them  and  conform  to  their  shape.  Still  else- 
where the  bauds  fault  and  continue  from  a  point  some  little  distance, 
even  2  or  3  inches,  away.  The  concretions  of  biotite  are  as  ancertain 
and  irregolar  in  their  distribution  as  are  the  pegmatitic  masses.  They 
are  seldom  over  three-fourths  of  an  inch  across  and  carry  rather  large 
folia  of  biotite  and  a  comparatively  small  proportion  of  other  mineral 
constituents.  The  general  direction  of  the  lamina:  immediately  around 
Morton  village  is  E.-W.,  bending  to  the  south  and  north  of  this  direc- 
tion sufficiently  to  give  a  2fE.-SW.  trend  to  the  formation  of  the  area 
as  a  whole.  The  dip  is,  on  the  whole,  northerly  and  varies  fh>m  tbe 
horizontal  to  50°  and  more. 

The  Bpecimens  gathered  from  the  bottom  of  the  Morton  quarry  and 
at  as  great  a  distance  tcom  the  joints  as  it  was  possible  to  secure  them 
show  a  less  degree  of  alteration  than  do  those  taken  from  near  tbe  sur- 
face. The  difference  is  not  so  much  in  the  fireshness  of  the  constituent 
minerals  as  in  the  predominance  among  the  latter  of  microcline  and 
finely  crystalline  secondary  quartz.  As  representatives  of  the  freshest 
material,  specimens  5734  and  5735  will  serve.  In  these  specimens  the 
feldspars  are  orthoclase,  microcline,  and  a  plagioclase,  in  nearly  equal 
proportions.  The  plagioclase  is  near  the  albite-oligoclase  type,  with  its 
inconspicuous  twinning  and  low  extinction  angles.  The  orthoclase  and 
plagioclase  seem  to  be  more  corroded  about  their  borders  than  are  the 
mioroclines.  The  result  of  this  corrosion  seems  to  be  finely  crystalline 
quartz,  with  a  few  minute,  fresh  microcline  and  orthoclase  areas, 
which  are  brightly  polarizing  and  free  from  inclusions.  The  larger,  and 
perhaps  primary,  mici'ocliue  areas  contain  less  of  the  microcrystalUne 
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ao<:es8orie8  of  decay  aud  alteration — largely  kaolinic  material — than  do 
the  other  feldspars  named. 

Biotite  ia  the  chief  bisilicate  iniDeral  present.  It  occurs  in  isolated 
folia  rather  than  in  the  segregated  form  aeea  in  the  gabbroid  series  of 
the  valley.  As  a  rule,  the  individaals  are  comparatively  free  from  impu- 
rities, yet  now  and  then  a  light-brown  mineral  of  either  dastered  or 
reticulated  distribntion,  thought  to  be  rntile,  is  seen.  This  mineral  is 
oftener,  however,  au  imparity  in  the  hornblendic  constituent  than  in  the 
biotite.  Aside  from  these  two,  the  rutile  and  the  hornblendic  mineral, 
accessories  are  uuuaually  rare. 

Specimens  5310,  5211,  and  5212  show  the  condition  of  the  rock  at  or 
near  the  surface.  The  proportion  of  secondary  minerals  Is  macb 
greater  aud  their  individuals  are  much  larger  than  the  corresponding 
minerals  in  specimens  6734  and  5735.  The  ortboclase  and  plagioclase 
feldspars  are  considerably  corroded.  The  microcline  individuals  are 
fresh  aud  free  from  inclusions.  Their  size  is  greater  than  that  of  the 
other  varieties  of  feldspar.  They  are  rough  aud  uneven  on  their  bor- 
ders, like  the  other  feldspars.  They  contain  inclusions  of  kaoliniu 
material  and  small  quantities  of  muscovite,  as  do  the  orthoclases,  and 
in  other  ways  they  show  evidences  of  alteration.  Undulatory  extinc- 
tion is  often  seen.  Biotite  is  the  leading  bisilicate  constituent;  indeed, 
it  is  practically  the  only  one.  The  folia  are  small  and  sharply  defined. 
As  they  lie  beside  each  other  they  are  bounded  by  even  planes  of 
contact.  Inclusions  are  comparatively  rare.  The  individuals  are  prone 
to  segregate  in  clusters  and  bands.  Not  infrequently  biotite  inclusions 
occur  in  the  feldspars,  particularly  the  albite-oligoclase  variety;  indeed, 
they  assume  a  fibrous  condition,  and  appear  between  the  twinning 
lamellie. 

Here  and  there  a  chloritic  phase  represente  the  bisilicate  constituent, 
and  rarely  hornblende  clostera  are  seen.  The  ordinary  green  variety 
of  hornblende  is  the  one  present.  It  can  not  be  determined  that  the 
deeper  gneisses  are  of  the  usual  hornblende-biotite  type,  although  the 
analogy  afforded  by  the  valley  as  a  whole  gives  strong  reasons  for  sach 
an  assumption. 

Pyrite  is  present  in  small  quantities,  and  apatite  is  even  more  rtwely 
seen.  In  addition  to  these  two  accessories,  another  ia  present,  which 
at  once  attracts  attention  as  thin  sections  are  examined.  It  occurs  in 
nnmeronscircularareas,  thickly  stnddedwith  minute,  dark,opaqne  spots. 
These  circular  areas  are  small,  ranging  between  0.075  and  0,250  miu. 
in  diameter.  Within  them  lie  thickly  clustered  crystal  granules  of 
various  shapes,  together  with  an  enormous  number  of  black,  opaque, 
spherical  grannies.  The  individuals  are  all  so  small  that  it  is  extremely 
difficult  to  determine  the  species  present,  but  feldspar,  hornblende,  and 
biotite  can  be  named  with  much  assurance.  A  quantity  finely  pulver- 
ized and  tested  with  the  magnet  gave  a  generous  supply  of  block  mag- 
netic grains.    Wheu  these  circular  areas  were  first  noted,  it  was  thought 
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tliat  they  must  liave  been  formed  throngh  the  itctioii  of  subHtaiices 
ilerived  from  the  decomposition  of  iron- sulphide  crystals  and  crystalline 
fTTiiunles  distributed  plentifully  throughout  the  rock.  The  granitic 
cliiiracter  of  the  rock  would  facilitate  the  splierical  habit  which  these 
bodies  invariably  possess.  The  several  proeesses  involved  in  snch  an 
alteration  might  be  followed  with  some  i>ositivenes3  were  it  possible  to 
prove  the  mineral  identity  of  the  several  spettics  distinguished. 

In  chemical  coaipositioa  the  rock  as  a  whole  shows  a  more  basic 
character  than  the  less  foliated  gneisses  and  granite- gneisses  in  other 
l>ortioDs  of  the  valley.  This  character  will  be  seen  by  comparing  the 
aaalysis  below  with  the  analysis  of  the  Ortonville  granite-gneiBS,  ou 
page  C3.  A.  D.  Meeds,  of  the  Univer.sity  of  Minnesota,  analyzed  an 
average  sample  taken  from  the  Morton  quarry  and  reported  as  follows; 


AnalgfU  of  the  horHbltade-biotitt-g 


I  of  Morion,  itinnaota. 


BEAVER    PALLS   AND   REDWOOD    PALLS   AREAS. 

At  Beaver  Falls  the  conditions  are  almost  identical  with  those  at 
Morton  and  along  the  Birch  Cooley.  At  lledwood  Falls  also  the  same 
istmesofar  as  the  rock  is  in  afresh  condition.  Tlie  occurrence  of 
altered  gneisses  shows  essentially  the  same  conditions  and  phenomena 
in  all  three  of  the  localities;  thus  they  are  all  conspicuous  for  the  suc- 
cession of  changes  easily  traced  from  the  fresh  to  the  kaoliuic  condition. 

The  small  exposure  of  gneiss  in  the  woods  between  the  road  and  the 
Minnesota  Kiver,  along  the  bottoms  between  Beaver  Creek-  and  the 
Kedwood  Falls  ferry,  is  worthy  of  notice.  Specimen  52o2  is  from  this 
locality.  The  knobs  of  rock  extend  in  a  direction  N.  00°  E.  The 
largest  mass  of  the  group  is  only  17u  feet  long  and  15  feet  high.  The 
prevailing  color  of  the  rock  is  red.  While  in  general  the  appearance 
is  that  of  a  very  fresh,  firm  gneiss,  almost  entirely  unafi'trcted  by  the 
kaolinization  process  which  so  conspicuously  marks  the  gneissic 
exposures  in  the  near  vicinity,  particularly  along  the  banks  of  Beaver 
Creek,  yet  the  entire  mass  is  so  shattered  that  not  even  a  3  by  4  inch 
hand  specimen  could  aoywhere  betaken.    The  texture  is  medium,  with 
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a  slight  tendency  to  porphyritic  condition.  It  has  a  sbarp  angular 
fraotnre.  The  porpliyiitic  condition  disappears  under  the  microscop& 
It  is  due 'to  the  cleavage  of  tbe  scattered  remnants  of  the  feldspar 
individaals.  Excepting  theseremuants,  tbe  entire  mass  is  composed  of 
aecoodary  minerals.  The  quartz  is  entirely  secondary  and  lies  in 
minate,  brightly  polarizing,  limpid  areas.  The  few  feldspar  cores 
remaining  are  of  the  orthoclase  and  the  anorthoclase-albite  types. 
They  are  spherical  or  elliptical  in  shape,  ragged,  corroded  on  their 
margins,  and  somewhat  altered  within.  The  clustered  and  isolated 
secondary  individuals  are  brightly  polarizing,  aud  represent  microcline 
in  large  proportion,  with  scattering  grains  of  andesine-Iabradorite. 

The  quantity  of  basic  constituenta  is  extremely  small.  No  horn- 
blende was  seen.  The  biotite  occurs  in  minnte,  sparsely  scattered 
clusters  of  flbroas  material,  which  generally  disclose  the  radial  extioc- 
tion  BO  frequently  characteristic  of  chlorite.  Magnetite  is  plentiful  in 
minute,  clustered,  rounded  granules,  showing  every  evidence  of  sec- 
ondary origin.  Frequently  around  these  clusters  is  red  hematite. 
Some  other  accessories  were  noticed,  particularly  apatite,  but  they 
seem  to  cut  no  tigore  in  the  mineral  composition  of  the  rock,  and  are  in 
all  cases  apparently  the  resalts  of  alteration  processes. 

The  fractured  condition  of  these  exposures  affords  many  narrow 
Assures  disposed  in  every  direction  through  the  rock.  Along  the  walls 
of  these  flssnres  can  be  seen  numberless  crystals  of  quartz  and  the 
several  feldspars.  In  size  they  are  small,  rarely  reaching  a  millimeter 
across.  They  proved  too  minute  for  microscopical  determinatioD,  and 
too  few  were  gathered  to  admit  of  a  chemical  analysis. 

Id  all  essential  particulars  these  occurrences  are  identical  with  those 
noted  dovn  the  river  at  La  Framboise's  fivm,  where  the  microcline 
crystals  were  3  to  4  inches  in  size. 

The  altered  gneisses  mentioned  as  occurring  around  Beaver  Falls 
and  Morton  (see  pp.  29,  32,  5S)  show,  in  chemical  composition,  consid- 
erable variation  from  the  flresh  phases  of  the  rock.  The  following 
anfdysis  was  made  by  A.  D.  Meeds: 

Anatgsiit  of  impart  kaolin  (>p.  5:^10)  from  Birek  Cooley,  Hi%uegota. 
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OHAPTEE    V. 
GABBRO-8CHIST8. 

OENBRAL  CONSIDERATIONS. 

Throngboat  tlie  valley,  intermingled  with  the  Dormal  acidic  goeissea, 
are  namerotta  occnrrences  of  gabbro-scliiats,  varying  considerably  botb 
in  mineral  ooDStitnents  and  in  chemical  composition. 

The  salient  microscopic  characters  of  the  gabbro-Bchists  as  a  vhole 
we  the  following:  A  dark-green  to  black  color,  dae  to  tbe  abandance 
of  hornblende;  a  scliistoae  structure,  dependent  in  large  degree  on  the 
parallel  arrangement  of  the  hornblende  individuals;  a  freshness  of 
appearance,  dne  in  part  to  the  un weathered  condition  of  the  rock,  and 
in  put,  no  doabt,  to  tbe  f^t  that  the  hombleudic  constitaent  and 
some  others  are  of  a  secondary  origin. 

Wherever  these  schistB  occur  they  exhibit  a  i>ronoanced  foliated 
stmctnre,  which  in  some  places  represents  a  gneiasic  rock  and  in 
others  a  schistose  one.  Tbia  difference  seema  to  arise  fh>m  tbe  varying 
proportion  of  the  feldspathic  coDStitoents  on  the  one  hand  and  the  con- 
dition of  the  amphibole-pyrosene  constituents  on  theotber.  Wherever 
the  former  predominate  the  ampfaibole-pyroxene  minerals  are  segre- 
gated In  bands,  precisely  as  bomblende  and  biotite  mark  off  the  darker- 
colored  laminie  in  the  normal  gneisses,  and  where  the  feldspars  diminish 
in  quantity  the  rock  becomea  more  and  more  homogeneous  in  constitu- 
tion until  a  normal  hornbleude-augite-schist  appears.  This  is  the  case 
in  several  localities,  notably  south  of  Odessa,  in  sec.  9,  T.  120  N., 
B.  45  W.,  at  several  places  around  Minnesota  Falls  and  Granite 
Falls,  and  in  sec.  15,  T.  112  S.,  S,.  34  W.  In  dip  and  strike  these  rocks 
always  appear  conformable  with  the  normal  gneisses.  While  the  nor- 
mal gneisses  display  in  places  great  contortion  and  diversity  of  direc- 
tion, the  gabbro-schist  series,  as  these  aniphibole-pyroxene-bearing 
rocks  may  be  called,  are  to  a  great  extent  free  from  that  irregularity. 

Strnctarally  these  rocks  are  subject  to  all  the  conditions  of  jointing, 
faalting,  and  vein  carrying  which  obtain  among  the  gneissic  rocka. 
They  are  broken  through  by  dikes  and  are  apparently  as  little  altered 
by  the  contact  as  are  the  gneissic  rocks. 

At  several  localitf^s  visited  the  gabbro- schists  shov  no  marked  evi- 
dence of  schistosity.  Elsewhere,  and  generally,  the  foliated  character 
is  the  most  prominent  feature  of  the  rock.  Thus  the  gabbro- schists 
appear  massive  in  places  at  the  "gold  mine"  in  MinnQ^ta  Falls.    A 
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few  paces  iii  either  directiou  from  the  quarts  vein  at  this  place  the 
schistose  structure  appears  with  a  less  namber  of  garnets  than  lie 
beside  the  quartz  vein.  The  schistose  gabbro  in  places  becomes  por- 
pbyritic,  as  do  the  gneisses,  and  even  more  conspicuously  so  than  do  the 
latter  rocks.  One  place  in  particular  is  of  interest  in  this  connection. 
Feldspar  crystals  of  the  plagioclastic  tyjie,  3  or  4  inches  across,  are 
frequent.  This  spot  is  ia  Graoite  Falls,  the  precise  location  being 
1,750  paces  north  and  250  paces  west  of  the  SG.  corner  of  sec.  3'J,  T. 
116  N.f  K.  30  W .  The  area  referred  to  is  25  paces  long  by  30  paces  wide, 
and  is  only  a  few  paces  from  a  large  diabase  dike,  which  extends 
from  the  river  toward  the  southwest  across  a  hill  that  is  a  conspicuous 
topographic  feature  in  the  western  part  of  tlie  city  of  Granite  Falls. 
'  UTo  relation  could  be  seeu  between  the  schist  and  the  dike.  At  this 
same  locality  the  schist  has  been  shattered  and  welded  b^  innumerable 
qaartz  and  feldspar  veins.  These  veins,  which  are  of  almost  paper 
thinness,  estend  through  the  rock  and  cross  one  another  in  every  con- 
ceivable direction. 

Occaaionally  one  sees  the  pecoliar  segregations  of  feldspathic 
material  characteristic  of  the  "  augen-gneiss  "  of  the  German  geologists. 
This,  however,  is  a  character  somewhat  restiicted  to  the  ordinary 
iKsidic  gneisses  of  the  valley. 

Considerable  diversity  iu  texture  can  be  seen.  Although  the  ordi- 
nary condition  is  that  of  a  medium -graiued  rock,  it  varies  on  the  one 
hand  to  a  very  coarse  schist  or  gneiss,  and  on  the  other  to  an  extremely 
flne-textnred  oue.  A  crushing  of  the  rock  and  the  subseqaent  weld- 
ing together  through  infiltration  has  produced  iu  places  a  peculiar 
shattering.  This  phenomenon  appears  in  the  gneisses  also.  Texture 
seems  in  no  way  to  be  associated  with  or  dependent  upon  the  present 
mineral  composition  of  these  rocks.  Occasionally,  when  a  pyroxenic 
constituent  breaks  up  into  complexes  or  becomes  changed  into  horn- 
blende, as  the  case  may  be,  a  semblance  of  fineness  of  texture  is  given. 
In  such  cases  the  feldspars  in  their  unchanged  size  maintain  the  general 
coarseness  of  the  rook,  even  when  they  have  undergone  a  profound 
molecular  change  or  a  complete  transformation  from  one  feldspathic 
type  to  another;  and  the  infllti-itiona  of  quartz,  when  this  process  has 
been  carried  on  to  an  appreciable  extent,  exhibit  similar  large  areas. 
As  compared  with  those  of  other  districts,  the  gabbros  of  the  Minnesota 
River  Valley  possess  a  fine  texture.  They  are  much  finer  than  the  same 
rock  which  lies  in  enormous  sheets  at  the  base  of  the  Keweenawan  erup- 
tivesin  northern  Minnesota;  they  are  finer  than  the  gabbros  of  Mary- 
land which  Williams  has  described,'  and  of  which  that  author  has 
kindly  furnished  hand  specimens;  and  they  are  of  a  far  more  compact 
and  finer  texture  than  the  Delaware  gabbros  described  by  Chester.* 

■The  gibbroa  Mil  u»ctBt«d  horublende   rocks  occnrrSni;  lii  (bo  nplRblwrbood  or  Baltimori'. 
Md..  by  a.  H.  WillJunm :  Ball.  U.  S.  Owl.  Survey  Ko.  28. 1B8S.  ChH|iterB  It  nnll  III. 
>Tli«t:nbl)roBiuicl  uaociaUHl  mckx  in  UelawBm.  by  F.  D.Cliotcr:  BuU.  U.aneoLSnrvry  Xd.59. 
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In  oompariDg  the  Minnesota  Valley  rocks  with  others  of  Bimilar 
mioeralogical  composition  the  most  notioeahle  features  are  the  fresh, 
firm,  bright  condition  of  these  rocks  and  their  general  laminated 
character.  All  weathered  portions  have  heen  removed  throngh 
glacial  erosion,  and  a  remarkable  freshness  is  noticed  at  once  on 
removing  the  outer  film  of  recent  decay  where  exposure  to  the  air 
and  storms  has  been  constant.  £nt  the  distioctive  characters  of  igiie- 
oaa  rocks  are  not  seen  here  as  they  prevail  in  the  gabbros  of  Dela- 
ware, described  by  Chester; '  in  those  in  the  neighborhood  of  Baltimore, 
Maryland,-*  in  those  of  New  Hampshire,  described  by  nawes;^  in  those 
of  Wisconsin,*  described  by  the  writer;  in  those  of  northeastern 
Minnesota;^  in  those  of  western  Scotland  and  neighboring  islands, 
described  by  Jndd;^  in  those  of  Saxony,  described  by  Lehmanu;''  and 
in  those  of  the  west  coast  of  Africa,  described  by  Lenz.'  Yet,  ao  f ar  as 
mineral  composition  is  concerned,  every  attribute  of  a  typic^  ancient, 
basic,  igneous  rock  is  represented. 

Arranged  according  to  their  mineral  composition,  there  are  several 
varieties  in  this  gabbro-schist  series.  Originally  there  were  probably 
but  two — a  hypersthene-bearing  and  a  bypersthene-free  gabbro — and 
these  two  approach  each  other  by  a  scarcely  perceptible  gradation. 
All  other  modifications  are  subsequent.  These  alterations  consist  of 
the  complete  disappearance  of  tlie  pyroxenie  constituents  and  of  the 
substitution  in  their  place  of  hornblende  and  biotite.  Every  step  in 
this  substitution  can  be  seen  iu  the  series  of  rock  samples  gathered. 
Meanwhile  the  plagioclases  are  as  fresh  in  the  moat  altered  as  in  the 
comparatively  unaltered  members  of  the  series. 

So  for  as  the  field  observations  conld  show,  there  was  no  difference 
whatever  in  the  environment  of  the  two  original  types.  The  hyper- 
sthene-bearing  rocks  show  the  same  general  external  features  and  have 
precisely  the  same  relations  to  the  gneisses  and  diabases  associated 
with  them  as  do  the  exposures  which  cairy  no  hypersthene.  Indeed, 
this  division  into  types  may  have  no  ground  in  fact.  It  is  possible, 
indeed  probable,  that  this  classification  is  based  upon  mere  accident. 
Additional  slides  made  from  the  same  localities  may  show  an  entire 
absence  of  hypersthene  where  the  slides  examined  show  it  to  be  present, 
and  areas  of  the  mineral*  may  be  disclosed  where  now  it  is  considered 
absent. 

■Thcgabbnis  and  usocliitea  rcKke  In  DelawBTe.  bj-F.n,Ch«t«r;  BnlLU.  S. Geol.  Survey  No,  fg, 
laao,  p.41(it>eq. 

>0.  H.  WlUiuH,  Ibid.  p.  11. 

'ThegeolDgjaadlitholoKjof  NsvHaidpitalre,  by  I),  vr.  llawM;  TbeOwlagy  orileff  Hsmpsbin, 
VaL  m.  Pirt  IV.  1879,  p.  IBS  et  seq. 

•Sot<a  of*  geologlcBl  eicarslon  Into  cootrsl  Wliconsfn,  bj  C.  W.  H»1I:  Bull.  Minn.  Acod.  Nat. 
Sei^  Vol.  m.  No.  2, 1801,  p.  250. 

•Pnllmlnary  dencriptloD  of  the  perldotjtea.  EDbbroii,  dlabuea.  and  and«BV(ee  of  UlnnesotB,  hy  M. 
E.  WadavoTth :  Bull.  Geol.  Nat.  Him.  Survey  Minnesota,  No.  2.  1887,  pp.  VSa. 

•On  the  TBrtl«T7  and  older  peridotltea  of  Scotland :  Qonrt.  Jour.  Geol,  Sor..  London,  Vol.  XLI,  1885, 
p.  358. 

'CBlcnadiDDgen  Bber  die  EDtatehang  der  AltkryHUUInlHhf^n  Schlefergegteine,  by  Dr.  J.  I#li. 
nuim.  Ba[Ui.l88<,  pp.iai.lK.  , 

•Gabbni  van  der  Westkiiata  Afrlkaa.  )>y  O.  Leni :  Verbandl.  K.-k,  geol.  ReicliaaDitalC,  Wldti^tt^ 

p.  sa.  "-^ 
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MINERAL  CONSTITUENTS  OF  THE  GABBRO-SCHISTS. 

The  mineral  constituents  of  the  gabbro-schists  are  lubradorite,  pyrox- 
ene, both  the  ortborhombic  and  the  monocliuic,  witb  its  alteration  prod- 
nets,  and  horuUende,  magoetite,  and  various  accessory  minerals — 
pyrite,  apatite,  titanic  iron,  garnet,  and  quartz. 

The  feldspathlo  constituent  is  the  basic  type,  usually  near  to  labra- 
dorite  in  its  estinction  angle  and  in  its  polysynthetic  twinning.  This 
last  character  is  always  present  and  distinctly  visible,  except  when  the 
sections  are  cut  parallel  to  b  (OLO),  or  in  rare  cases  where  alteration 
has  obscured  the  lamination.  In  places  the  feldspars  present  some 
inclnaions  of  foreign  particles;  bnt  as  a  rule  they  are  singularly  free 
from  impurities,  save  where  these  are  the  rcsnit  of  alteration.  Snch 
alteration  products  are  chiefly  kaolin  and  smaller  quantities  of  epidote. 
The  feldspars  do  not  occur  in  latbtike  forms.  Were  there  no  other 
means  of  distingoishing  the  rock  from  the  dike  bodies,  this  would  prove 
ao  anerring  one.  The  areas  of  this  mineral  show  little  difference  in 
breadth  and  length. 

ITonual  augite  generally  appears  in  thin  sections.  The  exceptions 
are  the  hyperstheue-gabbros  soon  to  be  described.  It  osnally  possesses 
the  light-brown  color  characteristic  of  the  rock-forming  condition  of 
this  mineral,  bat  in  some  places  it  varies  to  a  pink,  and  only  in  polar- 
ized light  can  it  be  distinguished  with  certainty  from  the  common 
garnet  of  the  valley.  Its  cleavage  is,  as  a  rule,  very  distinct.  Its 
alteration  phenomena  are  of  the  usual  kinds.  Occasionally,  however, 
the  augite  is  badly  altered  to  hornblende;  in  fact,  hornblende  has  in 
places  completely  replaced  its  host. 

Diallage,  which  Zirkel,'EoBenbu8ch,' von  Lasaulx,' von  Giimbel,'Nau- 
mann,'  and  others  have  regarded  as  an  essential  constituent,  is  always 
present  in  the  Minnesota  Valley  gabbro-schists.  It  has  in  all  cases 
undergone  alteration,  bat  the  several  stages  of  this  change  exhibit 
marked  differences,  described  later,  irom  those  characterizing  the 
byperstbene.  In  the  diallage  the  alteration  is  to  hornblende,  but  the 
process  goes  on  in  the  middle  of  the  crystal  grains  as  well  as  along 
cleavages  and  fractures.  A  molecular  changejs  seen.  PI.  XIX,  A,  to 
some  extent  indicates  this  process.  Tlie  fresh-looking  diallage  alters, 
molecule  by  molecule,  to  the  dichroic  green  hornblende.  In  places  the 
hornblende  granules— or,  as  they  more  usually  are,  folia — have  attained 
considerable  size,  while  in  other  places  they  are  so  minute  as  to  require  an 

■Gabbrovander  WSBlkiiste  Arriksa.  by  O,  Lenn  VerhandJ.  E.-k.  geol.  Kelcbsuuitalt,  Wien.lSTg. 
VoLII,  p.llO:al»  Ulkraskoplache  BMchBffBnbelt  dcr  Mlnenllen  und  G ratelne.  by  Dr.  Fenllniuid 
Ztrkel,lG73.p.t41. 

■Mlkrotkapincbe  Pbjtlograpblc  der  Mlnenilieii  und  G«3t«Ine,  by  H.  Roasnbaacb :  Znalts  AuQige, 
18Ba,p.l32.  Compare  Uicroicoplcairbysiogrspliy  ol  llie  liock-Uaklnfi  Miaerali.  by  H.  RiMenbiurh , 
Iddlngs'a  truuliitloii.New  York.lse3,p.239.  "In  tbo  Arcbvan  rocks dUlliiBe  Is  uldom  met  vltb. 
IttsberscoDflned  ■  •  ■  to  cortuin  anipbibolitoH  wblrb  may  bs  ODDSidered  u  piobkbly  dyommo- 
matouorpbin  gabbroa," 

•  Elemsuta  d«  relrograpble.by  Dr.  A.  von  Laasuli,  Bono,  1S75,  p.SlO. 

■OMloRfe  TOP  Bayen,  by  Dr.  K.  Wjlhelm  vod  G  umbel ;  Kreter  Tbell,  Gnudtilge  dar  Geologle.  p.  lit. 

•  LobrbDch  der  Geognoaie,  by  Dr.  Oil  Frlederlcb  Naamann,  Tul.  I.  Kii.  p.  E73. 
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I  lens  to  separate  them  from  tbe  diallagic  matrix  in  which 
they  are  embedded. 

The  pecnliar  double  cleavage  of  diallnge  i^  not  seeu  on  every  gran- 
ule of  tnoDocliaic  pyroseue.  Very  likely  many  individaals,  through 
the  faintaees  of  the  secondary  lines  iu  the  direction  as  P  k,  may  he 
regarded  as  the  crystallograpliically  intermediate  forms  between  nor- 
mal aQgite  and  typical  diallage. 

In  a  few  places,  as  haa  already  been  anticipated,  orthorhombic' pyrox- 
ene, hypersthene,  appears,  bat  never  to  the  exclnsion  of  the  monoclinic 
pyroxenes  angite  and  diallage.  In  extent  of  alteration  the  hypersthene 
always  takes  precedeoce  over  all  others.  Rarely  is  an  individual 
foand  without  a  strongly  marked  corrosion  along  its  cleavages  or  the 
fractures  which  it  carries.  This  alteration  continues  nnti]  the  indi- 
viduala  are  completely  obliterated.  The  change  is  accompanied  by 
the  formatioD  of  areas  of  magnetite  and  filvers  and  broader  bands  of 
green  hornblende.  Other  minerals  result,  but  they  are  less  iu  quantity 
and  of  minor  miueralogical  importance. 

Both  pyroxenes  and  feldspars  are  granular,  neither  seeming  to  play 
the  part  of  matrix,  but  both  being  hypidiomorphic  in  their  derivation 
and  form.  In  the  dike  rocks,  on  the  other  hand,  the  angite  is 
wedged  in  between  the  well-formed  crystals  of  the  feldspar  constituent, 
or,  in  broad  areas,  it  serves  as  a  matrix  in  which  tlie  lathlike  feldspar 
crystals  have  developed  a  very  perfect  form.  PI.  XXV,  A  and  B,  show 
these  differcDces  very  clearly. 

The  distinction  here  made  between  gabbros  and  diabases  was  first 
hinted  at  by  Zirkel  in  1866,  when  he  described  the  labradorite  of  dia- 
bases as  forming  tabular  crystalline  individuals  of  distinct  cleavage, 
varying  color,  and  showing  the  characteristic  twinning  stri^  of  the 
basal  face,  while  the  labradorite  of  the  gabbros  exhibits  distinct  twiu- 
uiDg  strite  and  occurs  in  coarse  crystalline  grains,'  The  pyroxenic 
constituent  was,  according  to  Zirkel,  angite  iu  diabase  and  diallage  in 
gabbro.' 

Magnetite,  which  is  an  almost  universal  constituent  of  tbe  gabbro- 
schistB,  iu  places  occurs  in  angular  crystallized  areas,  seldom  in  single 
crystals  bat  more  commonly  in  rounded  masses  of  very  small  size. 
It  rarely  shows  traces  of  alteration  into  hematitic  granules.  That 
magnetite  is  a  primary  constituent  of  these  rocks  is  by  no  means 
certain,  so  far  as  investigations  now  show.  There  is  little  doubt  of 
its  secondary  nature  where  the  hypersthene  is  altered;  on  the  other 
hand,  in  northeastern  Minnesota  primary  titaniferous  magnetite  in 
large  masaesoccurs  in  the  gabbros  of  Reweenawan  age.    It  is  probable 


■Lahcbochdcc  Petrographlo. Dr.  feiUtnand  Zitkel,  Bonn.  18«6,  Vol.  II,  p. 78.  ■■  Uer  Librndorttblldel 
kTrMaQlBiKtie  tafelfUrmlgD  Partleen  tod  denllleliFr  Spalibaik^lt  itnd  vctuci,  grBDilchnoiuer  odar 
CTOnUchmlBHrFirba;  ■InddieKrjgUUeiioah  friscb,  ao  gcliiiEl  es  oft  die  cbarrnktarietiKhe  Zwll- 
IliiRUIrBifaiic  anf  dor  bMiscben  SpaltuDgUllit'hBn  n-obriimoliiiicii." 

'Ibtd.Vol.  n.p.IIO.  "DerLabradoiit  1st  (IliDieDdncisBlfcliKniu  oder  iM>vm  In^  1>miilLcUilalat(« 
nndbcilUiingTolwmliD'fUIUDlBCbanKonienidi'uUtcbBZvlLllDiiulnill'nnR-"  .    .   .1,. 
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that  a  portion  of  the  opaque  material  which  is  visible  in  every  slide 
is  ilmeDite  or  some  closely  related  species,  siDce  titaoic  acid  seems  to  be 
a  common  constituent  of  the  gabbro- schists  of  Minnesota. 

Accessory  minerals  occur  everywhere  in  the  schistose  gabbros.  The 
leading  ones  are  pyrite,  apatite,  garnets,  and  quartz.  Others  appear 
as  the  modifying  circumstaaces  vary.  Titanic  iron,  or  meuaccanite, 
doubtless  occurs  tu  small  individuals,  in  some  specimens.  Somewhat 
rarely  the  pyritic  accessory  has  the  golden-yellow  color  of  chalcopyrite. 
The  garnet  and  quartz  are  not  contact  minerals,  as  Teall  seems  to 
regard  them,'  but  rather  accessories  and  alteration  products,  to  be 
fonnd  wherever  alteration  appears,  whether  brought  about  by  weather- 
ing or  by  the  deeper-seated  change  of  metamorphism.  The  garnets  are 
nndonbtedly  present  iu  all  contact  alterations  also,  and  perhaps  have 
a  still  wider  distribution  than  either  weathering  or  deeper-seated  alter- 
ation alone  would  produce.  The  quartz  is  regarded  as  partly  an  in&l- 
tration  product  and  partly  a  by-product  of  the  alteration  of  the  aogite 
to  hornblende  or  biotite,  or,  as  is  often  the  case,  to  both. 

Among  the  minerals  which  may  be  regarded  as  purely  resultant 
products  of  decomposition,  hornblende  should  certainly  occupy  the 
first  place.  Yet  it  is  not  B»fe  to  assume  that  all  the  bomhleude  is  of 
this  nature,  for  there  is  no  sure  means  of  determiniug  the  primary  or 
the  secondary  origin  of  portions  of  this  material.  There  is  no  doubt 
of  the  secondary  development  of  by  far  the  larger  portion.  It  lies 
around  the  areas  of  pyroxene  in  such  a  manner  as  to  preclude  all  doubt 
of  its  origin;  it  takes  the  place  of  pyroxene  where  such  areas  have 
become  completely  changed  to  a  finely  granular,  bright-green,  horn- 
blendic  segregation ;  and,  finally,  it  shows  a  fibrous  condition  and  a 
semigranular  state  within  the  feldspar  areas,  thus  pointing  to  the 
breaking  up  of  many  individuals  of  this  mineral.  It  may  bo  said,  in 
passing,  that  the  parallel  growth  of  augite  and  its  resulting  horoblende 
is  very  rarely  seen;  perhaps  a  half  dozen  sections  were  noted  in  the 
examination  of  these  rocks  which  show  this  parallel  position  of  host  and 
product. 

Passing  to  matters  of  more  detail  in  the  study  of  these  gabbro-schists 
and  to  points  which  jiossess  a  somewhat  local  interest,  we  shall  first 
describe  the  hyperstheue-bcaring  gabbros;  secondly,  the  hypersthene 
free  gabbros,  and  lastly  the  pyroxeneJree  gabbros  or  gabbro-diorites. 

MYPERSTHBNE-BEARINa   GAB  BRO. SCHISTS. 
LA  FRAMBOISE  AREA. 

A  few  paces  from  the  river  bank  at  the  old  La  Framboise  landing, 
in  sec.  22,  T.  Ill  N.,  B.  32  W.,  a  mass  of  gahbro  (sp.  5191,  5724)  lies  in 
the  midst  of  the  gneisses,  constituting  the  large  series  of  exposures  in 
sees.  15,  IC,  21,  and  22  of  this  township.    The  relations  of  the  gabbro 

'BriliBb  Petcography,  by  J.J.  H.  Teall,  Lgndqm,M88,  Iip~3ea,3«S, -.  ,^ 
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to  the  gneisses  could  not  with  certainty  be  made  out,  thoagh,  as  vill  be 
seen  later,  the  gabbro  is  probably  iatmsive  in  the  gneisaes.  There  is  a 
sharp  contact  line  vhere  the  two  are  seen  side  by  side,  which,  however, 
can  be  followed  a  short  distance  only,  owing  to  the  covered  eoudition 
of  the  rocks. 

The  gabbro  here  shows  little  of  that  schistose  character  almost 
everywhere  present  in  the  valley.  The  texture  is  medium,  with  per- 
ceptible tendency  to  porphyritic  habit ;  to  the  unaided  eye  it  is  decided- 
ly grannlar.  The  color  in  the  mass  is  dark,  a  dark-green  gronnd  tone 
prevailing,  with  numerous  white  flecks  which  disclose  the  presence  of 
feldspar,  since  they  display,  on  some  of  the  larger  individuals,  the 
polyeynthetic  twinning  of  the  plagioclases.  The  dark-green  grains 
show  clearly  the  perfect  cleavage  of  hornblende.  The  remaining  con- 
stitneuta  are  not  easily  recognized  with  the  unaided  eye  nor,  in  some 
cases,  even  with  the  microscope. 

The  rock  is  superficially  weathered.  The  oater  coating  is  of  a  reddish 
or  dirty  gray  color,  due  to  the  alteration  of  the  constituent  minerals. 
When  this  coating — ^nowhere  more  than  one-eighth  to  one-fonrth  of 
an  inch  thick — is  removed,  the  rock  is  very  fresh  and  sparkling.  The 
green  color  just  noted,  and  a  tendency  to  crush  to  a  light-gray  powder 
under  the  hammer,  suggest,  however,  that  an  alteration  has  really  taken 
place  and  gone  farther  than  the  appearance  of  the  rock  would  indicate. 
On  account  of  the  sharp  contrast  shown  between  this  rock  and  the 
aagite-gnelss  in  which  it  lies,  and  the  general  aspect  which  the  rock 
carries  of  an  eruptive  species,  the  emptioD  of  this  mass  into  the  gneiss 
can  not  well  he  doubted.  The  naked  eye  distinguishes  a  hypidiomor- 
phic  habit  of  the  constituent  minerals  and  the  granitoid  character  of 
the  gabbro  rather  than  the  ophitic  or  porphyritic  character  of  a  diabase. 

The  leading  feldspars  in  this  gabbro  are  near  the  labradorite-anorthite 
end  of  the  plagioclase  series.  In  shape  the  individnals  are  broad  rather 
than  lathlike.  Twinning  striie  are  sharp  and  clear.  The  extinction 
angle  on  M  is  frequently  4(P  and  more.  Other  areas  cut  on  the  pina- 
coidal  plane  give  the  extinction  angle  characteristic  of  mixtures  with 
the  formula  abiaug  to  abi  aUnj  in  other  words,  they  extinguish  around 
30'^.  TJndnlons  extinction  occars  in  a  few  individuals,  particularly 
those  cut  in  saeh  direction  that  the  twinning  lamellse  do  not  appear,  or 
if  present  are  very  far  apart.  This,  therefore,  is  not  a  strong  character 
of  the  rock. 

In  the  several  thin  sections  prepared  there  is  little  material  which 
can  be  regarded  as  an  alteration  product  from  the  feldspars.  I?ow  and 
then  cluBters  of  secondary  grains  nud  small  crystals  can  be  seen,  bat 
ttsaally  the  inclusions  within  the  feldspars  are  easily  recognized  as  a 
pyroxene  or  hornblende.  Mierocline  and  plagioclases  of  low  extinction, 
pointing  to  a  high  percentage  of  soda, were  not  noticed  either  as  primary 
or  secondary  cotistitaents. 

The  pyroxenes  of  this  gabbro  are  two,  and  probably  three,  in  num- 
ber— hypersthene,  diallage,  and  probably  augite,  -..-.>--.,. ^ 
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Hypersthene  composes  more  than  half  of  tlie  bisilicate  oonstitn- 
eots  of  tbis  gabbro.  The  characteristic  dichroism  of  this  mineral  is 
sharply  ehovn,  as  is  also  the  parallel  extJDction  of  the  graioB.  It  la  in 
the  ueighborhood  of  the  hyperstheiie  area  that  the  giaius  and  aggre- 
gates of  horubleDde  are  chiefly  seen.  Some  of  the  hornblende  individ- 
nala  are  Isolated,  and-  thus  their  genetic  relationship  to  the  hypersthene 
is  obscnred.  It  is  possible  that  some  iudividnals  are  not  thus  derived ; 
yet  the  varying  quantitative  proportion  of  the  mineral  and  the  fact 
that  its  derivation  from  hypersthene  can  be  clearly  proved  at  other 
localities  in  the  valley  are  the  grounds  for  assnniing  snch  origin  at  this 
locality.  There  are  no  characters  displayed  by  the  hornblende  so 
different  from  those  at  other  exposures  as  to  recjuire  further  mention. 

Diallage  has  suft'ered  greatly  through  alteration.  Grains  have 
become  diminished  in  size  by  the  changing  of  their  borders  or  interior 
portions,  or  both,  into  hornblende.  The  external  characters  of  angite 
and  diallage,  save  in  one  or  two  respects,  are  so  similar  that  a  sharp 
distinction  between  these  two  pyroxenes  was  not  made.  Where  the 
characteristic  cleavage  of  diallage  was  seen  the  identification  of  this 
mineral  was  considered  sufficient.  Many  grains  with  a  rather  high 
extinction  angle  are  entirely  lacking  in  this  character.  The  presence 
of  aagite  is  therefore  assumed. 

Pyrite  is  present  in  a  few  isolated  and  segregated  grains. 

WABASHA  OBBEK  ABEA. 

Passing  to  the  next  district  np  the  river  from  La  Framboise's,  we  find, 
in  sec.  15,  T.  112  N.,  B.  34  W.,  a  small  exposure  of  hornblendic  gabbro- 
scbist  (sp.  5390).  Its  lamination  is  not  sharp  and  clear.  Only  a  few 
paces  to  the  north,  and  again  a  short  distduce  to  the  south,  stands  a 
highly  acidic  gneiss  in  moderately  bigli  exposures,  decidedly  abrupt  on 
the  north  side,  and  weathering  in  large,  conceutrically  breaking  blocks 
to  a  crumbling,  dirty  mass  of  feldspar  chips.  The  direction  of  the 
schist  exposure  is  KW.-8E.,  and  the  dip  is  apparently  KE.  at  a  medium 
angle. 

In  the  gabbro-schist  the  individuals  of  feldspar  vary  greatly  in 
size.  Occasioually  those  of  unusually  large  size  are  seen,  but  more 
frequently  a  finely  granular  condition  prevaila  The  labradorite  type 
abounds.  A  general  freshness  characterizes  this  mineral.  Even  where 
individuals  are  fractured  and  the  joints  have  become  filled  with  vein- 
like material  there  is  no  trace  of  decomposition  along  the  margins. 
The  twinning  striiit  are  very  strong.  "SMiile  this  is  true  of  most  of  the 
feldspars,  there  are  iudividuals  showing  decided  marks  of  disintegra- 
tion. The  product  is  a  mass  of  finely  crystalline,  brightly  polarizing, 
transparent  material.  Often  in  the  altered  individuals  a  fibrous  radial 
arrangement  of  the  decomposition  product  can  be  seeu  under  crossed 
nicols.  It  is  apparently  a  single  mineral  rather  than  a  closter  of 
difi'erent    species.     This  appearance  leads  to  the    p£iiiuon   that   the 
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process  la  s  zeolitization  of  the  feldspar  rather  than  a  aansauritization, 
since  this  process  develops  sd  aggregate  of  distinct  miaeraU.' 

The  diallage  is  well  marked  with  the  usaal  characters  of  that  mineral. 
In  some  individiials  it  hEks  nndergone  alteration  tn  hornblende  to  aach 
an  extent  aa  to  impart  a  green  color  to  the  residue  of  the  dettompoaing 
grains.  The  double  cleavage  and  the  parting  bands  are  not  always 
distinctly  seen;  therefore  some  of  the  pyroxene  may  be  assumed  to 
be  angite.' 

Hyperstheae  occurs  both  in  nests  and  in  isolated  grains.  Where  the 
latter  appear  they  seem  to  have  absolutely  no  crystal  form ;  a  decidedly 
granalar  condition  is  always  present,  and  the  ordinary  prismatic  cleav- 
age is  frequently  iudiatinct.  Where  the  hypersthene  is  segregated, 
several  grains  may  lie  side  by  side,  having  precisely  the  same  plane  of 
extinction  and  showing  the  same  ragged  and  corroded  ontlines  toward 
the  feldspars  as  do  the  isolated  individuals.  Many  hypersthene  grains 
are  completely  altered  lute  hornblende  and  some  associated  mineral, 
which  may  be  ferrite;  others  are  only  partially  altered.  They  carry 
within  them  small  individuals  exhibiting  the  cleavage  and  optic  extinc- 
tion of  hornblende.  Being  considerably  shattered,  alteration  first  seizes 
the  hypersthenes,  prodacing  along  the  cracks  fibrous  hornblende,  which 
usually  lies  parallel  with  the  cleavage  striie  of  the  host.  Around  the 
borders  of  the  changing  hypersthene  individuals,  lying  as  though 
expelled  by  the  alteration  process  from  the  midst  of  the  hypersthene 
material  and  the  resulting  hornblende,  is  a  granular  mineral  somewhat 
transparent  and  of  light-brown  color.  Its  minute  size  prevented  farther 
identification. 

More  rarely  yet — as  a  rule,  in  the  vicinity  of  these  alterations — are 
larger  masses  of  magnetite.  Clusters  and  single  graiue  exhibit  the 
usual  characters. 

This  locality  further  shows  ah  interesting  vein  formation,  evidently 
resulting  from  the  joint  action  of  cmshing  and  mineral  alteration.  The 
mineral  playing  the  leading  r6le  in  the  vein  filling  is  hornblende.  The 
aoastomosiDg  of  the  horublendic  material  is  marked,  and  is  seen  iu 
PI.  XXIII,  A.  Crystal  grains  are  broken,  and  between  their  fragments 
the  minute  leaves  of  homblendic  matter  are  seen,  or  grains  are  pressed 
apart  and  the  interspace  is  packed  full  of  the  vein  material.  These 
veins  were  seen  only  in  the  much-altered  gabbro-schists. 

mNNESOTA  FAI.LS  AND  GBANITE  FALLS  ABEAS. 

Around  Minnesota  Falls  and  Grauite  Falls  there  is  a  remarkable 
development  of  the  hypersthene-bearing  gabbros.  One  approaches  a 
conspicuous  belt  of  these  rocks  iu  asceuding  the  river  on  the  north 
side.  The  chief  rock  iu  sees.  11  andl4,  T.  115!N.,  It.  39  W.,  is  a  gabbro. 
In  the  southeast  corner  of  see.  13  stands  au  area  of  well-banded  gneiss 
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150  pfuies  in  extent  which  exbibits  latches  of  coarse  veinlike  material. 
This  gneiss  is  conspicnoaa  for  its  small  content  of  bisilicate  coustitn 
ents,  its  fresli  Hiicrocline,  and  the  nndulatory  extinction  of  its  qoartz 
areas.  Along  the  boundary  between  sees.  11  and  14  and  thence  north- 
ward to  the  river  are  many  patches  of  a  black,  distinctly  laminated, 
hornblendic  hypersthene-gabbro.  The  strike  of  these  exposares  is 
'  alxiut  JS.  80°  E.  Along  their  southern  border  the  dip  is  soatherly,  in 
sec.  12  reaching  as  high  as  80°,  while  in  the  soathem  part  of  sec.  11  it 
is  considerably  less.  Along  the  northern  side  of  this  section,  while  the 
strike  is  nearly  the  same  as  farther  south,  the  dip  is  zero. 

Throughout  this  whole  area — and  it  embraces  all  the  rock  south  of 
the  great  bend  in  the  Minnesota  River  at  Minnesota  Falls,  just  below 
the  site  of  the  old  dam  and  mill — granitic  veins  or  dikes  are  nnmerona. 
In  places,  as  along  the  section  line  between  sees.  11  and  14,  the  granitic 
material  is  parallel  with  the  lamination  of  the  gabbros,  and  here  and 
elsewhere  the  coarse  texture  of  the  former,  as  well  as  its  sharp  color 
contrasts,  mark  it  as  a  phase  of  rock  formation  quite  distinct  iirom  the 
latter. 

Everywhere  the  lamination  of  the  dark-colored  hypersthene-bearing 
gabbro- schists  is  sharp  and  clear.  The  alteration  to  hornblende  on  the 
part  of  the  pyroxenes  has  been  carried  so  far  as  to  give  hornblende 
the  leading  place  among  the  basic  constituents,  both  macroscopioally 
and  microscopically.  This  altered  condition  of  the  rocks  remains  the 
same  northward  to  the  high,  ragged,  half-covered  masses  on  the  Bos- 
sell  fann,  9E.  ^  sec.  11,  T.  115  TS.,  R.  39  W.  On  this  farm  the  rocks 
have  a  northerly  dip  of  20°  or  more,  with  little  contortion  and  with 
little  special  modification,  even  where  they  are  broken  through  by 
dikes.  This  unaltered  condition  in  the  proximity  of  dikes  can  be  well 
seen  around  the  spot  1,300  paces  K*.  and  1,800  paces  W.,  sec.  12,  T.  115 
K,,  B.  39  W.,  where  a  dike  (sp.  5280)  20  fbet  wide  cuts  through  this  same 
t}ed  of .  gabbro- schist  that  first  crops  out  on  Bnssell's  farm.  Here  and 
there  a  lighter  color  prevails,  on  account  of  the  increase  in  the  amount 
of  feldspar,  and  in  places  through  the  light  pea-green  color  of  the 
secondary  hornblende.  A  good  illustration  of  these  lithologio  con- 
ditions is  seen  at  the  spot  just  indicated,  near  the  contact  of  the  dike. 
The  gabbro-schist  (sp.  5278,  6279)  is  hypersthene-bearing.  Locally 
this  bisilicate  constituent  almost  wholly  changes,  leaving  a  rock  largely 
composed  of  labradorite-anorthite  feldspar  and  the  alteration  products 
biotite  and  hornblende  (ep.  5279).  Elsewhere  the  hypersthene  and  its 
alteration  product,  hornblende,  are  present  in  normal  force.  The  rock 
then  becomes  a  good  example  of  a  partially  altered  hypersthene-gabbro 
(ep.  5278,  si.  2237),  and  represents  a,n  intermediate  stage  of  rock 
alteration.     (See  PI.  XXI,  A.) 

Crossing  the  river  into  Yellow  Medicine  County  and  into  the  ruined 
village  of  Minnesota  Falls,  one  sees  comparatively  no  change  iu  the 
characters  of  the  rocks.    Kear  the  old  dam,  swept  away  in  tilie  flood  of 
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188:^,  which  carried  itway  ttie  village  itself,  there  are  both  a  reddish, 
highly  8ilic«oa8  gneiss  (sp,  G230,  o237)  and  a  gabbru-schist  (sp.  5238). 
Ttie  cootact  of  the  two  rocks  is  here  as  clearly  marked  as  at  La  Fram- 
boise's  place,  already  described.  The  distinct  interbeddiiig,  or  at  least 
interpenetratioti,  of  tbe  two  rocks  is  seen  at  tlie  river  bank  at  the  sonth 
end  of  the  old  dam.  Both  the  gneiss  and  the  gabbro-schiiit  are  here 
more  schistose  tban  at  La  Framboise's,  yet,  barring  certain  modifica- 
tions incidental  to  such  schistose  condition,  they  are  the  same  in  mineral 
composition. 

Tbe  monoclinic  pyroxene  of  the  gabbro-schist  has  sometimes  a  green- 
ish tint,  and  again  it  appears  very  transparent  and  free  from  color  save 
the  osual  brown  tinge  seen  in  the  thii^ker  sections.  It  is  now  mostly 
of  tbe  diallage  type,  though  frequently  the  foliation  partings  are  indis- 
tinct or  even  wholly  absent.  The  individuals  are  granular,  never 
exhibiting  crystal  planes.  Hypersthene  seems  rather  more  abundant 
at  Minnesota  Falls  than  at  La  Framboise's,  and  alteration  has  not  crept 
into  the  internal  structure  of  the  grains  with  such  marked  effect.  In 
both  places  the  mineral  is  characterized  by  rounded  grains  instead  of 
extended  areas  more  or  less  interrupted  by  other  minerals.  Hornblende 
is  tbe  common  product  of  the  alteration  of  the  pyroxenes.  It  is  almost 
wholly  in  the  compact  condition,  usually  dark  brown  in  color,  and  some- 
what strongly  pleochroic.  The  grains  vary  in  size  from  the  most 
minute,  embedded  in  the  hypersthene  areas,  to  those  as  large  as  the 
pyroxene  individuals  themselves.  Cleavage  is  i>erfectly  developed  and 
U  always  seen  in  cross  sections  of  the  prisms.  Inclusions  are  ratfaer 
plentiful. 

A  few  hundred  paces  southwest  of  the  mined  village  of  Minnesota 
Falls  the  gabbro- schists  again  appear,  as  in  the  western  part  of 
the  Tillage,  in  long  extended  masses,  standing  in  billowy  rows  of 
knoba.  From  these  exposures  northward  into  and  entirely  throngh  tbe 
city  of  Granite  Palls  to  the  banks  of  the  river  in  sec.  13,  T.  116  N.,  R. 
40  W.,  these  rocks  can  be  followed  by  a  succession  of  outcrops.  The 
prevailiug  schistose  character,  the  NE.-SW.  strike,  the  dip  alternating 
between  XW.  and  8E.,  the  dark  color,  the  predominance  of  hornblende, 
and  the  generally  f^sh,  undecomposed  condition  of  the  rocks  very 
generfdly  prevail.  Near  the  cen  ter  of  the  city  of  Granite  Falls,  one  or 
two  blocks  north  of  the  court-house,  an  interesting  curve  in  the  strata 
was  noted,  and  to  the  west,  near  ttie  house  of  E.  C  Shannon,  lies  an 
exposure  of  a  highly  porphyritic  modification  of  the  gabbro  (sp.  6438). 
This  spot  has  already  been  mentioned  (Chap.  Ill,  p.  35),  The  porphy- 
ritic character  of  the  rock  is  shown  in  PI,  XXIV,  A. 

The  texfnre  of  the  groundmass  is  rather  fine.  Its  color  is  a  gray 
black.  A  certain  granular  habit  is  due  to  the  shape  of  the  pyroxeues, 
angiteand  hypersthene,  and  their  relations  to  tbe  feldspars  and  subor- 
dinate constituents  of  the  rock.  The  numerous  cleaved  surfaces  of  the 
several  minerals  give  a  decidedly  glistening  appearance  to  the  aorfaces 
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of  fresh  fractures.  A  good  pocket  leus  reveals  on  some  of  thea©  sur- 
faces the  twinning  lamellie  of  plagioclase  feldspars,  and  on  others 
the  strong  markings  of  hornblende.  Where  the  sarface  has  been 
exposed  for  a  long  time  it  becomes  a  dull  black  color.  The  process 
of  color  change  follows  steadily  the  removal  of  the  feldspars,  the  first 
step  being  contemporaueous  with  the  iacipient  kaolinization  of  these 
individuals.  The  kaolinization  process  continues  until  the  feldspar 
grains  and  crystals  are  completely  altered  and  the  soluble  products  are 
removed.  Broken  specimens  show  upon  their  fresh  fractures  every 
stage  of  the  alteration  process  between  the  surface  phase,  where  the 
feldspars  are  wholly  removed,  and  that  other  extreme,  only  about  one- 
foiirth  of  au  inch  below  the  snr&ce,  where  scarcely  a  trace  of  kaoliDi- 
zatioii  can  be  seen. 

Quite  thickly  studding  this  dark,  medium-grained,  foliated  ground- 
mass  are  the  porjihyritic  feldspar  crystals  before  mentioned.  These 
crystals  vary  in  size  from  a  quarter  of  an  inch  to  3  inches  in  leDgth, 
nearly  all  of  them  exceeding  1  inch  (PI,  XXIV,  A).  Through  the 
same  kaolinization  process  characterizing  the  matrix  the  surfaces  of 
these  crystals  exposed  to  the  weather  become  white  in  color,  dull  in 
luster,  and  have  been  washed  away  until  they  lie  in  depressions  below 
the  general  surface  of  the  rock.  Within  they  are  of  a  greenish  hue, 
owing  to  the  ineseuce  of  mineral  accessories.  Fresh  surfaces  show 
the  ])erfect  cleavage  of  feldspar,  aud  when  the  cleavage  is  on  a  plane 
parallel  with  OP  the  striic  are  very  clear.  These  porphyritic  feld- 
spars are  anorthite,  as  is  seen  from  the  extinction  angle,  3C^-43'^,  and 
the  chemiical  composition  given  below.  Besides  the  cleavage,  there  is 
a  conspicuous  fracturing  of  tlic  crystals  corresponding  to  the  fractured 
condition  of  the  matrix.  There  are  many  inclusions  in  these  anorthite 
crystals.  Among  those  identified  are  magnetite,  easily  separated  from 
the  powdered  mineral,  augite,  which  extinguishes  at  angles  varying 
between  45°  and  5ri°,  and,  in  fewer  numbers,  slender,  minute  crystals  of 
hornblende.    The  specific  gravity  of  auorthite  is  2.715. 

Within  the  matrix  tlie  usual  minerals  of  a  homblende-hypersthene- 
gabbro  are  seen,  viz,  Jabradorite-anorthite  feldspars,  hornblende, 
angitc,  diallage  aud  hyperstheiio  with  the  accessories,  magnetite,  hem- 
atite, and  chlorite.  The  hypersthene  has  the  usual  plcochroism;  it 
occurs  in  grains  wholly  devoid  of  crystal  planes  and  usually  completely 
enwrapped  with  the  iiyroxene  and  its  decomposition  product,  horn- 
blende. The  pyroxene  is  only  to  a  small  extent  diallage.  This  is  indi- 
cated by  the  almost  universal  absence  of  the  characteristic  diallagic 
parting,  as  well  as  in  the  high  extinction  angle  shown  by  the  individ- 
ual grains.  Indeed,  tlie  prevalent  prismatic  cleavage  and  an  extinc- 
tion angle  generally  ranging  between  42<=  and  48°  point  to  angite  as 
the  predominant  pyroxenic  sjiecies. 

The  hornblende  is  well  distributed.  It  is  partly  uralitic  and  partly 
in  well-cleaved,  brown  individuals.  There  is  little  doubt  of  ita  sec- 
ondary origin  in  both  modifications.  u,., ,.,  ., ,  — ._....  ..^ 
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TLe  specific  gravity  of  tlie  matrix  ia  3.015. 

Tbe  eliemical  composition  of  tbe  porpliyritic  borDblendlo  liyperstlieue- 
gabbro  is  of  iuterest.  Analyses  vere  made  of  both  tbe  matris  and  t  lie 
tabradorite-anortbite  crystals  by  Prof.  E.  J.  Babcock,  of  the  University 
of  North  Dakota.    The  following  are  his  results: 

AHalgea  of  porphgrUic  hornblmdie  hypcrslkene-gabhTo  froM  Qraniie  Falli. 
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I.  Porpbyritic  horobleDdic  liyperetbene-gabbro  (Bp.5438);  the  matrix  rock,  from 
wbich  tbe  anortbite  crystals  bad  been  removed.     Granite  Falls. 
II.  Cryetals  of  anortbite  from  tbe  fore^ing  matrix. 

From  these  results  it  is  seen  tliat  tbe  material  agrees  very  closely  in 
chemical  composition  ^itb  its  physic-al  characters  as  outlined  on  the 
preceding  pages  and  det^^rmined  by  quite  different  methods.  Attention 
may  be  called  to  the  nearness  in  composition  of  the  foregoing  anorthite 
and  that  of  the  great  gabbro  masses  of  northeastern  Minnesota, 
reported  by  Professor  Irving,'  and  tlio  Ilammerfest  (Norway)  anorthite, 
quoted  by  Dana^  from  Fisani,  first  published  in  1876. 

Xorthwest  of  Granite  Falls  tbe  gabbro  lies  in  a  gentle  fold  consti- 
tuting the  northern  anticline  of  this  locality.  Along  tbe  south  side  of 
tbe  river,  from  a  little  above  the  bridge  and  railway  station,  at  present 
practically  the  middle  of  tbe  city  north  and  south,  the  road  passes  north- 
westerly in  sight  of  almost  continuous  exposures  of  gabbro- schists  for 
more  than  a  mile.  They  are  broken  tlirough  in  several  places  by  tbe 
dikes  which  cross  the  valley  in  a  NE.-SW.  direction. 

In  this  npper  portion  of  tbe  area  tbe  veins  and  feldspathic  segrega- 
tions are  not  so  fre(|uent  as  they  are  south  of  Minnesota  Falls.  Where 
they  do  appear  they  are  a  coarse  mixture  of  green  hornblende  and 
labradorite  or  a  closely  related  feldspar,  with  little,  if  any,  quartz. 
The  thin  sections  made  show  no  appreciable  quantity  of  this  last- 
named  mineral  in  the  coarser  segregations  (sp.  5442).  It  is  sufficient 
to  say  that  they  exhibit  tbe  Ittbological  characters  of  the  schists 
already  noted  lying  along  the  south  side  of  Granite  Falls.    Tbe  feld- 

'Tho  coppsr-beaiiiiE  rocks  of  Lake  Superior,  by  R.  I>.  Irring!  Mon.  XS.  B.  Gool.  SnrYBy,  Vol.  V, 
1883,  p.  tU. 
■A  System  ot  Hlnanloisy,  by  E.  S,  DaiiB.  aUi  cd.,  IBai,  p.  33S. 
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spar  haa  the  high  extinction  angle  of  anortbite.  This  mineral  Ib  little 
altered.  Frequently  the  individuala  cany  minute  crystals  of  pyrosene 
and  hornblende. 

The  pyroxenic  constitnents  axe  byperstheiie  and  angite.  The  former 
is  more  generally  altered  than  the  latter.  The  hypersthene  grains  are 
frequently  siirronnded  by  borders  of  horoblende.  It  is  probable  that 
it  is  the  source  of  the  greater  portion  of  the  latter  mineral.  The 
monoclinic  pyroxene  has  generally  the  green  color  already  noted  for 
other  exposures  in  this  neighborhood.  Very  rarely  is  the  diallagic 
cleavage  op  P  ix>  (100)  seen.  Besides,  the  optical  orientation  deter- 
mines the  mineral  to  be  angite  rather  than  diallage,  the  extinction  on 
the  prismatic  cleavage  being  between  47'^  and  50°.  Hornblende  is  bo 
abundant  that  the  hand  specimens  were  identified  as  hornblende- 
schist  The  gabbroid  character  of  the  rock  was  not  seen  nntU  the  tbin 
sections  revealed  the  pyroxenic  constituents. 

On  the  north  side  of  the  river  the  gabbro-schists  are  finely  devel- 
oped at  the  bend  of  the  river  in  Oraiiite  Falls,  near  the  comer  of  sees. 
33  and  34,  T.  116  S.,  K.  39  W.,  and  sees.  3  and  4,  T.  110  N.,  K.  39  W., 
and  thence  northward  to  the  Chicago,  Milwaukee  and  St.  Paul  Bail- 
way  station  and  the  grain  elevators  of  the  city.  Beyond  these  points 
gneiffiic  rocks  prevail  to  the  northwest.  They  are  of  medium  coarse- 
ness,  distiuct  lamination,  a  prevailing  dark  color  [which  often,  however, 
becomes  somewhat  lighter  through  the  predominance  of  the  feldspars), 
and  a  very  fresh,  vitreous  surface  along  fractures.  The  strike  of  the 
lamina^is  NE.-SW,,  with  a  dip  of  37°  9E.  Several  dikes  break  throagb 
these  rocks.  One,  near  the  Pillsbnry  elevator,  is  of  considerable 
width. 

As  will  be  seen  in  the  list  of  literatare  references  (pp.  12-19],  these 
rocks  have  long  been  koown  to  the  geologists  and  explorers  of  the 
Northwest,  yet  their  general  external  characters  have  been  cited  in  the 
vaguest  and  most  cursory  way.  Featherstonhaugh  briefly  describes' 
these  exposures  as  ''resembling  granite  in  every  particnlar  except  its 
stratification,"  and  in  a  snbseqaent  work'  be  mentions  masses  of 
quasi-stratified  granite,  most  of  which  "were  red  quartzose  granite 
with  a  slight  quantity  of  mica,  but  some  were  gneissoid.''  IS.  H. 
Winchell  says^  that  "At  Granite  Falls,  as  at  Minnesota  Falls,  and 
all  the  way  between,  the  rock  in  the  valley  is  a  schistose  granite, 
almost  a  mica-schist,  but  it  varies  to  a  hard,  gray  granite  that 
resembles  that  at  St.  Cloud  both  in  color  and  composition."  Upham* 
gives  a  much  more  precise  description  of  the  prevailing  rocks,  "  the 
gneisses,"  as  he  designates  them,  of  this  locality. 

■Seport  ofa  geological  rocaiitiDleMiKie  nudu  ia  133&.  cic..  by  O.  W.  FathsnUtohaogb:  Doc.  33S, 
pTinl«dbj  order  of  tbeSanalc,  WuhlDgUn,  1836.  p.  29. 
*A  Canoe  Voypgfl  op  tiifi  MicDay  Sotor,  by  Q.  W.FeAtherBtoDbAn£li,2Tal4M  VoLI,LoadoD.  lS47,pp. 

'  Tbe  s«1agy  of  the  Mmnegota  Valley,  by  N.  H,  Winchell,  SUle  gsologlal,  anil  S.  F.  Pechbain,  State 
0hBml«t:88condAnn.  Sept.  GboI.  Nat.  Ht»t.  Survey  Minneeotn.  1873.  p.  170. 

iTheKealogy  of  YelloT  M«lictne,  Lyou,  and  Linraln  caunliM,  by  Wamn  Upham:  GeoL KM. Blat. 
Survey  aioneBOtn,  VoL  1, 1884,  pp.  596,5117.  u, ,  ,.-.  .,.,  ^.._....  ■^.., 
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lu  micioscopioal  characters  they  present  a  series  f^m  those  exltibit- 
iiigall  the  conatitaeuts  in  very  fresh  and  apparently  unchanged  con- 
dition to  those  where  many  of  the  original  coostitQents  are  completely 
obliterated  through  the  metamorphic  changes  undergone.  Such  a 
series  may  be  seen  by  comparing  several  of  the  accompanying  iUostra- 
tions.  PI.  XVII,  B  (sp.  533fi,  si.  2263),  shows  an  unusually  fresh  hyper- 
sthene-gabbro  taken  from  one  of  the  small  and  somewhat  isolated  knobs 
sontheast  of  Odessa.  The  feldspars  are  fresh  and  strongly  polarizing, 
yet  the  pyrozeuic  conatitiient  shows  some  traces  of  alteration'.  This 
si>ecimen  was  taken  to  illnstrate  the  freshest  rock  to  be  found  at  these 
exposures.  Pi.  XXI,  A,  shows  (sp.  5278)  a  specimen  taken  Koath  of 
the  old  dam  in  Minnesota  Falls.  The  hyperstbene  at  this  locality  is 
partly  altered  to  a  light-brown  hornblende.  The  other  constituent,  a 
labradorite  feldspar,  is  quite  as  iresh  and  unaltered  as  in  the  Odessa 
gabbro  Jnst  mentioned.  Magnetite  is  in  the  same  physical  condition 
aiid  the  same  proportion  in  both.  Again,  in  PI.  XXI,  B,  we  see  a 
gabbroid  rock  (sp.  5418),  also  from  the  southern  part  of  Minnesota  Palls, 
iQ  which  the  pyrozenic  constituents  have  entirely  disappeared,  having 
almost  wholly  altered  into  hornblende,  with  some  addition  to  the 
amount  of  magnetite.  The  feldspars  have  also  sufiered  corrosion  to  a 
very  perceptible  extent.  The  rock  has  thus  become  a  diorite,  a  rock 
species  which  appears  in  several  localities  and  in  all  cases  under 
essentially  the  same  physical  conditions. 

Everywhere  about  Granite  Falls  and  Minnesota  Falls  the  feldspar  Is 
sufficiently  ft^h  to  be  identified,  and  with  but  two  or  three  exceptions 
it  is  clear  and  brightly  polarizing.  The  grains  are  of  the  typical  hypid- 
■omorphic  atinctnre.  They  contain  few  inclusions  of  any  kind.  The 
feldspar  is  of  the  labradorite  type,  bnt  many  variations  from  the  nor- 
mal extinction  angle  of  this  mineral  .were  noted. 

Augite,  with  its  typical  characters,  is  seen  in  almost  every  slide. 
Oftentimes  areas  occur  which,  both  in  general  characters  and  in  the 
more  special  ones,  are  hard  to  distinguish  from  diallage.  In  all  the  green 
color  prevails,  which  has  already  been  mentioned  as  characteristic  of 
the  pyroxenes  in  the  gabbro-schists,  while  in  the  diabases  of  this  same 
neighborhood  the  aogit«,  where  unaltered,  is  brown.  In  the  matter 
of  extinction,  some  areas  present  the  normal  angle  of  augite — 45° 
and  more  in  prismatic  sections' — while  others  vary  toward  diallage. 
Diallage,  with  the  typical  characters,  is  also  common.  It  presents  some 
interesting  illustrations  of  internal  molecular  changes,  since  almost 
everywhere  in  the  valley  the  mineral  is  from  circumference  to  center 
undergoing  alteration  into  hornblende.  A  green  color  pervades  the 
whole  diallage  individual,  which  some  authors  consider  a  mark  of 
incipient  alteration  from  diallage  to  hornblende,  and  here  and  there,  in 
some  cases  thickly  scattered  through  the  host,  are  plates  and  fibers  of 
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dichroic  hornblende,  llarely  the  diallage  is  fresli — that  is,  brown  in 
color  or  slightly  colored  green;  rarely,  too,  an  area  of  clear  hornblende 
appears  which  bears  undoubted  evidence  of  being  derived  entirely 
from  a  diallage  individual;  therefore,  the  great  mass  of  material  shows 
the  intermediate  condition  above  described,  which  is  also  illustrated  in 
PI.  XIX,  A. 

Orthorbombic  pyroxene  appears  in  all  stages  of  alteration,  from  the 
clear,  f^resh  grains  seen  in  specimens  5335  and  5145  (Fl.  XVII,  B) 
to  the  wholly  altered  pyroxene  material  lying  in  the  long  belt  of  knobs 
extending  from  the  bend  iu  the  river,  near  the  corner  post  of  sees.  3 
and  4,  T.  115  N.,  R.  39  W.,  and  sees.  33  and  34,  T.  118  N.,  R.  39  W.,  west- 
ward along  the  north  side  of  sec.  4,  as  well  as  northeastward  through 
sec  34.  In  tbe  former  specimens  the  fresh  grains  are  strongly  ontliued 
against  the  plagioclastic  feldspars,  and  exhibit  scarcely  any  traces  of 
decomposition,  even  along  tbe  cleavage  lines.  Other  areas  are  partly 
altered  (PI.  XXI,  A),  and  still  others  are  wholly  altered  (PI.  XXI,  B,\ 
Thos  the  change  can  be  clearly  and  undoubtedly  traced.  Much  of  the 
resultant  mineral  extinguishes  parallel  with  that  from  which  it  springs, 
but  occasionally  it  assumes  a  radial  arrangement  and  lies  iu  diverging 
fibers  abont  the  host.  Hornblende  is  scattered  everywhere  through 
the  whole  series  of  slides  examined.  Many  of  the  areas  are  brown  and 
sharply  marked  off  with  cleavage  liue;^,  while  others  are  green  and  ill 
defined.  There  is  a  strong  dichroism  in  nearly  all  these  individuals. 
In  addition,  many  localities  show  a  fibrous  hornbleude.  This  is  always 
so  associated  with  some  pyroxenic  mineral,  usually  hypersthene,  as  to 
give  tbe  strongest  proof  of  derivation  directly  from  it.  Slide  9172 
shows  some  areas  of  hypersthene  fresh  and  almost  unaltered,  other 
areas  partly  altered  to  a  fairly  fibrous  green  hornblende,  and  still  other 
areas,  composed  wholly  of  fibrous  green  hornblende,  which  bear  evi- 
dence in  their  situation  of  having  been  formed  at  the  expense  of 
hypersthene  individuals  now  totally  obliterated. 

Biotite,  while  occurring  in  many  places  in  apparently  indei>endent 
areas,  is  noticed  to  be,  as  a  rule,  iu  such  intimate  association  with  the 
hornblende  as  only  a  descendant  from  that  mineral  can  exhibit.  Else- 
where it  evidently  springs  directly  from  the  alteration  of  the  pyroxene. 
Rarely  it  is  brown;  as  a  rule  it  is  green,  and  occasionally  it  is  brown 
and  green  when  rotated  in  polarized  (not  analyzed)  light.  Locally  this 
mineral  can  be  seen  more  frequently  in  sections  from  the  Minnesota 
Falls  samples  than  from  those  around  Granite  Falls.  In  some  of  those 
taken  from  near  the  road  skirting  the  south  side  of  the  river  to  the 
north  of  Granite  Falls  no  biotite  whatever  was  seen.  Much  secondary 
hornblende  is,  however,  presents  Augite  and  hypersthene  are  both 
noted  at  these  localities,  and  no  doubt  they  both  contributed  to  the 
formation  of  tbe  hornblende. 

Qnartzite  also  occurs,  but  in  every  instance  where  seen  it  bears 
undoubted  evidence  of  being  a  secondary  mineral.    The  small,  brightly 
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polarizing  grains  are  free  from  iuclasioos.  They  occnpy  positions 
between  the  feldspars,  even  withiu  them,  aad  near  the  decompoBing 
diallage  areas.  Also,  irberever  hornblende  and  biotite  have  been 
formed  graualee  of  qaartz  may  be  expected.  The  graios  generally 
occar  in  clusters.  Where  qnartz  is  present  iu  isolated  grains  it  is 
usaaily  included  in  the  other  minerals. 

Opaqae  minerals  are  frequent.  Sometimes  the  areas  can  be  proved 
to  be  pyrite,  and  at  other  times  magnetite  or  a  titaniferoas  magnetite 
must  be  assamed.  It  is  common  to  see,  microscopically,  a  partially  or 
wholly  altered  pyroxene  individual  thickly  strewn  with  spherical  glob- 
aies  of  some  opaque  mineral. 

Apatite  as  an  accessoryisrareinall  the  Minnesota  Falls  and  Granite 
Falls  gabbro- schists;  so,  too,  is  sphene.  Epidote  occurs  more  fre- 
quently, seldom,  however,  in  good-sized  or  well-formed  individuals,  but 
rather  as  a  secondary  product  disseminated  in  small  and  clustered 
grains  in  the  midst  of  other  minerals,  which  thus  play  the  part  of  host. 
It  is  thns  found  nestled  in  feldspars,  iu  hornblendes,  and  in  biotites. 

MONTEVIDEO   AREA.. 

Passing  to  Montevideo  (see  PI.  XI),  we  find  a  mound  of  the  gabbro- 
schist  on  the  line  between  sees.  IS  and  10,  T.  117  S.,  E.  iO  W.  The 
mound  stands  40  or  50  feet  above  the  flood  plain  of  the  river,  but  its 
size  is  not  great.  The  foliation  of  the  rock  is  clear,  with  a  NE.-8W. 
strike  and  a  dip  of  30°  to  HO^  SE.  The  foliation  is  apparently  due  to 
the  alternating  preponderance  of  the  feldspathic  and  ferromaguesian 
minerals.  The  feldspathic  portions  resist  weathering  longer  than  the 
basic,  thus  forming  a  corrugation  upon  the  exposed  sarfaces.  Numerous 
lenticular  quartz  veins  occur  scattered  over  the  exposure.  A  slightly 
smoky  appearance  is  noticed,  as  well  as  the  akimmed-milk  opalescence 
which  was  seen  so  markedly  developed  in  the  gneisses  at  La  Fram- 
boise's, below  old  Fort  Eidgely.  Ttic  opalescence  here  is  probably 
due.to  the  same  cause  as  at  La  Framboise's,  namely,  to  needles  of  rutile 
scattered  through  the  quarts  grains,  since  these  needles  are  seen  in 
large  numbers.  Many  cavities  occur  in  the  quartz,  mostly  gas  filled. 
As  a  rale,  they  are  arranged  in  planes  passing  through  all  the  constit- 
uents of  the  rock  alike,  and  suggesting  conditions  of  origin  similar  to 
those  pointed  out  byJulien  in  the  gneiss  of  N'ew  Bochelle'.  These 
qaartz  veins  contain  some  feldspar,  usually  plagioclastic,  and  fibrous 
secondary  hornblende.  The  gabbro-schist  is  medium  to  fine  grained, 
gray  in  color,  and  somewhat  weather  stained.  The  feldspar  is  chiefly  of 
the  labradorite  type.  Some  quartz  is  found.  The  proportion  of  basic 
constituents  is  unusually  small.  Some  hornblende  is  present,  as  are 
also  occasional  folia  of  biotite.  Both  monoclioic  aud  orthorhombic 
pyroxenes  are  present,  showing  the  usual  characters  of  these  minerals 
as  they  appear  elsewhere  in  the  valley. 

«  gaeisB  of  Ke<r  Rocbelle,  b;  A.  A.  Jollen :    Am.  Qmrt. 
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Northwest  of  Montevideo,  in  the  8W.  i  sec.  31,  T.  118  H".,  E.  40  "W., 
BtaadB  a  small  exposure,  only  60  paces  in  length,  rising  just  above  the 
level  of  the  prairie.  The  strike  at  this  exposure  is  N.  30<3  E.,  and  the 
dip  is  55°  SE.  On  the  northwest  side  the  rock  is  a  gneiss  of  s  red- 
dish-gray color,  considerably  altered,  and  highly  siliceous,  dipping 
beneath  the  gabbro,  which  coostitntea  the  lai^r  pari;  of  the  rock  in 
sight  (see  fig.  6,  p.  37).  The  gabbro  is  a  dark-colored,  highly  hom- 
blendic  rock,  carrying  lenses  of  coarsely  crystalline  hornblende.  Its 
feldspar  is  of  the  labradorite-anorthite  type.  Quartz  is  estremely  rare, 
as  are  also  magnetite  and  biotite.  The  hornblende  is  so  strongly  iodi- 
vidualized  that  it  cau  not  be  regarded  as  secondary,  yet  analogy  and 
the  evidence  of  other  localities  in  the  valley  and  in  Wisconsin,'  as 
shown  by  the  writer,  all  tend  toward  the  view  that  it  is  secondary  to 
pyroxenes.  So  long  ago  as  1882  Irving,  basing  his  conclusions  on  the 
combined  investigation  of  the  rocks  of  Wisconsin  by  himself  and  Pro- 
fessor Van  Hise,  stated  the  conviction  "that  all  of  the  hornblende  of 
the  rocks  of  this  region  is  bnt  altered  angite." '  Those  words  are  of 
significance  here,  since  the  rocks  of  the  two  States  are  very  similar  in 
general  characters,  and  at  the  time  the  report  cited  was  published  the 
schistose  gabbros  were  for  the  most  part  classed  as  gneisses. 

The  pyroxene  is  in  part  monoolinic,  doubtless  three-fourths  diallage. 
Its  color  is  green,  and  there  are  evidences  of  alteration  from  the  incip- 
ient stage  to  that  where  individuals  are  completely  changed  to  other 
mineral  species.  The  orthorhombic  pyroxene,  hypersthene,  is  like 
the  same  mineral  in  the  many  localities  to  the  southeast,  already 
described. 

ODESSA  AREA. 

The  last  point  up  the  river  which  discloses  the  presence  of  gabbro- 
schists  is  a  moderate-sized  exposure  south  of  the  Odessa  station,  on 
the  Chicago,  Milwaukee  and  St.  Paul  Bailway,  1,200  paces  N.  and  1,500 
paces  W.  of  the  southeast  corner  of  sec.  0,  T.  120  N.,  B.  45  W  (sp. 
5334,  5335).  A  kuob  some  20  feet  in  height  and  not  more  than  250 
paces  in  length,  largely  torfed  over,  stands  in  the  bottoms.  The 
strike  is  N.  45°  E.  and  the  dip  is  45°  NW,,  although  in  places  the  schists 
seem  to  dip  toward  the  southeast.  The  rock  is  dark  colored,  coDsid- 
erably  weather  stained  at  the  surface,  and  very  badly  shattered.  The 
textnre  is  flue,  for  this  type  of  rock,  and  the  lamination  is  quite  distinct. 
Both  color  and  texture,  aside  from  this  character,  are  very  even.  Owing 
to  the  shattered  condition  of  the  rock,  the  effects  of  weathering  extend 
rather  deep.  A  rusted  condition  is  seen  along  the  sides  of  the  fractures, 
penetrating  the  rock  an  inch  or  more.  Where  the  fractnring  is  fine 
this  condition  induces  a  concentric  weathering,  which  is  conspicuous 
on  the  loose  bowlders  lying  about  on  the  outskirts  of  the  quarry. 

iNalMof  ft  gwlaglcBl  eicunlon  into  csntral  Wlsconaln,  b;  C.  W.  HiU:  Bull.  Minn.  Aotd.  Nat 
Boi.,  Vol.III,iro.%ieBl.  pp.2M,16T. 
•CijaUUlna  Tocka  of  the  WiMontlti  V*ll«;,  b;  R.  D.  Irviog :  G»l,  WisconsiB,  VoL  IT,  ISSl,  p.  TU. 
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Qaarrying  liaa  diBclosed  the  rock  to  a  deptli  of  several  feet.  From 
this  depth  the  freshest  specimens  show  ao  anasnally  fresh  and  anal- 
tered  condition  of  the  rock.  It  is  a  typical  hypersthene-gabbro-schist 
or  norite-Bchist  (sp.  5335,  si.  2263).     (See  PI.  XVII,  B.) 

It  was  from  this  quarry  that  a  sample  of  an  aaglte-scbist  vraa  secored 
for  the  Educational  Series  of  Bock  Specimens  of  the  United  States 
Geological  Survey  (No.  140).  The  following  is  summarized  from  a 
description  by  W.  B.  Bayley: ' 

The  rock  is  a  very  dark  gray  crystalline  mass,  with  an  obscure 
schistose  stractnre  and  a  sugary  textnre.  Its  grain  is  so  fine  that  bat 
one  of  its  constitntents — biotite— may  be  recognized  with  any  degree 
of  certainty.  This  is  uniformly  scattered  through  the  rock.  In  addi- 
tion to  this,  there  can  also  be  detected  a  granular  white  mineral  whose 
particles  are  so  small  that  their  nature  can  not  be  determined.  The 
specific  gravity  of  the  rock  is  2.770, 

In  tfain  section  the  rock  is  seen  to  consist  chiefly  of  quartz,  pla- 
gioclase,  and  pyroxene,  with  biotite,  garnet,  pyrite,  and  magnetite  as 
accessory  constituents.  In  natural  light  there  appears  an  apparently 
homogeneous,  colorless  groundmass,  in  which  lie  large,  irregular  grains 
of  a  very  highly  refractive  mineral  with  well-marked  cleavage,  smaller 
dark-brown  flakes,  small  irregular  or  rounded  grains  or  aggregates  of 
grains  of  an  opaque  substance,  and  occasional  isolated,  highly  refrac- 
tive grains  of  a  piukish  tiuge.  When  examined  with  low  power  a 
certain  parallelism  may  be  detected  in  the  arrangement  of  the  various 
minerals.  The  majority  of  the  brown  flakes  and  of  the  highly  refrac- 
tive grains  lie  with  their  long  axes  in  approximately  the  same  direction. 
This  supports  the  evidence  of  the  unaided  eye  that  the  rock  is  schistose, 
and  also  the  conclusion  that  the  schistosity  is  not  well  marked. 

When  examined  nnder  crossed  nicols  the  apparently  homogeneous 
gronndmass  is  seen  to  be  an  aggregate  composed  of  very  irregnlarly 
shaped  interlocking  grains  of  quartz  and  feldspar.  Both  are  perfectly 
pellucid  in  natural  light,  and  both  contain  the  same  kinds  of  inclusions. 
They  may  be  distinguished  by  the  brighter  polarization  colors  of  the 
quartz  and  by  the  twinning  striations  of  the  feldspar.  From  the  intricate 
manner  in  which  they  interlock,  it  is  impossible  to  determine  which  is 
the  older.  Both  iudude  small  particles  of  all  the  other  components, 
and  therefore  they  must  be  younger  than  these.  They  contain  also 
tiny  liquid  inclusions— a  few  with  movable  bubbles — large  quantities  of 
black,  red,  and  green  dust,  and  irregnlarly  outlined  green  and  reddish 
indosures  that  appear  to  be  either  decomposition  prodaets  of  some 
sabstance  whose  nature  can  no  longer  t>e  determined,  or  secondary 
infiltration  products.  The  latter  supposition  seems  the  more  plausible, 
on  account  of  the  varied  character  of  the  inclusions,  which  are  at  the 
same  time  ondoubtedly  such  as  are  produced  by  secondary  infiltration. 
The  feldspar,  like  Uie  quartz,  is  in  irregular  grains,  colorless,  and 
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pellucid.  It  is  a  plagioelaae.  The  twinning  striEe  nsaally  occur  in  a 
single  series  of  parallel  lines,  bat  sometimes  they  appear  in  two  series, 
crossing  each  other  at  nearly  right  angles.  The  maximam  symmetrical 
extinction  of  two  contigiions  lamellie,  measured  against  their  lioe  of 
contact,  ia  about  26^^,  indicating  a  plagioclase  somewhere  in  the  labra. 
dorite  series.  The  specific  gravity  of  the  feldspar  separated  from  tbe 
rock  powder  was  2.673.  In  any  given  position  of  the  section  between  the 
uicols,  one  portion  only  of  the  lamella  of  any  series  of  most  graina  is 
dark,  the  other  ends  of  the  lamella  remaining  bright.  As  the  section 
is  revolved  the  darker  portions  become  bright,  the  dark  zone  gradaally 
moving  toward  what  were  the  bright  ends  in  the  first  position  of  the 
section,  thus  showing  line  undulatory  extinction. 

The  irregular,  highly  refractive  grains  have  a  slight  pleochroism  iu 
pale-greenish  and  pinkish  tints,  the  latter  when  the  most  promiDeut 
cleavage  runs  perpendicular  to  the  vibration  plane  of  the  lower  nicol. 
The  extinction  is  parallel  to  this  cleavage  where  only  one  set  of  cleav- 
age lines  is  observed,  and  on  sections  where  two  cleavages  are  seen  it 
bisects  the  angle  between  them.  The  axis  of  elasticity  parallel  to  tbe 
single  cleavage  is  smaller  than  the  one  at  right  angles  to  it,  and  the 
double  refraction  is  low.  Since  the  long  axes  of  nearly  all  the  grains 
ran  about  parallel  to  the  plane  of  schistoaity  of  the  rock,  and  the  sec- 
tions are  made  parallel  to  this  plane,  it  is  not  surprising  that  so  fevr 
basal  sections  of  the  mineral  can  be  found.  In  the  one  or  two  that  may 
be  discovered  in  each  section  there  are  two  series  of  cleavage  lines, 
which  make  with  each  other  angles  of  about  SS'^  and  92°.  "So  inclined 
extinctions  were  seen  iu  any  section  where  ouly  one  set  of  cleavage 
lines  appeared.  The  mineral  is  probably  an  orthorhombic  pyroxene. 
It  is  asnally  iresh  and  free  from  inclusions.  Iu  sections  cut  fW>m  the 
weathered  portions  of  the  rock,  however,  an  interesting  alteration  is 
observed  to  be  in  progress.  The  cleavage  lines  of  tbe  pyroxene  are 
filled  with  a  brown  pleochroic  substance  without  definite  morphological 
characters.  This  brown  substance  gradually  spreads  into  the  sur- 
ronnding  pyroxenic  material,  replacing  it  in  part,  so  that  often  what  at 
one  end  is  a  perfectly  fresh,  almost  colorless  pyroxene  is  at  the  other 
end  a  mass  of  brown,  pleochroic  substance.  As  the  amount  of  the 
brown  substance  increases  it.<)  character  becomes  more  pronounced,  nutil 
finally  the  substance  takes  the  form  of  biotite.  The  biotite  often  lies 
embedded  in  pyroxenic  material,  often  it  borders  large  grains  of  that 
material,  and  sometimes  it  occnra  in  the  spaces  between  neighboring 
grains.  There  can  be  no  doubt  that  it  is  an  alteration  product  of  the 
pyroxene. 

The  greater  portion  of  the  biotite  in  the  section  is  in  isolated  grains 
between  the  colorless  constituents  quartz  and  plagioclase.  Its  long 
axes  are  nearly  always  approximately  parallel  to  the  long  axes  of  the 
pyroxene.  The  mineral  shows  tbe  onlinary  pleochroism  of  mica.  It 
is,  of  coarse,  impossible  to  state  positively  that  all  of  the  biotite  in  the 
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rock  has  the  same  origin  as  that  found  in  and  near  the  pyroxene,  bat 
since  it  has  exactly  the  same  properties  of  the  secondary  mica  we  may 
say  tUat  it  is  probably  of  the  eatoe  origin.' 

The  only  constituents  remaining  to  be  described  are  garnet,  pyrite, 
aad  magnetite.  The  first  mentioned  in  in  almost  colorless,  very  highly 
refractive  grains,  irithont  cleavages  and  without  inclusions.  They  are 
irregular  i[i  cross  section,  bnt  in  outline  approximate  more  or  less 
closely  to  circles.  They  may  be  easily  distinguished  from  all  the  other 
constituents,  since  they  are  perfectly  isotropic  between  crossed  uicols. 
The  large  grains  are  crossed  by  irregular  fracture  lines,  distinguishable 
from  cleavage  cracks  by  their  lack  of  paralleliBiu,  The  garnets  are 
found  usnally  as  inclusions  in  quartz.  Beasons  are  given  later  (p.  102) 
for  believing  that  the  more  abuudant  garnets  of  a  gabbro-schlst  are  of 
secoudary  origin.  If  this  conclusion  la  true,  it  is  highly  probable  that 
the  garnet  of  this  rock  is  also  secondary,  although  the  evidence  is 
not  so  clear  as  in  the  case  of  the  gabbro-schist  referred  to.  The  pyrite 
and  magnetite  both  occur  in  irregular  opaque  grains  that  may  be  dis- 
tinguished from  one  another  by  the  brassy  luster  of  the  former  in 
reflected  light. 

In  an  attempt  to  name  the  rock,  we  are  met  with  the  difficulty  always 
experioiced  in  discussing  the  classification  of  schistose  rocks,  ^o  sat- 
isfactory method  of  classifying  them  has  yet  been  proposed.  It  would 
seem  best  to  confine  the  "schists"  to  aggregates  of  quartz  and  some 
bisUicate,  and  the  "gneisses"  to  aggregates  of  quartz,  orthoclase,  and 
Bome  bisilicate.  According  to  these  distinctions,  our  rock  is  neither  a 
schist  nor  a  gneiss,  since  it  consists  essentially  of  quartz,  plagioclase, 
and  pyroxene.  It  is  a  schistose  rock  with  the  composition  of  gabbro. 
Soth  designates  such  rocks  as  zobtenites,  and  Dathe  calls  them  tlaser- 
gabbros.  The  daser-gabbros,  however,  have  a  larger  amount  of  horn- 
blende; consequently  oar  rock  is  excluded  from  that  class.  If  we  accept 
zobtenite  as  a  general  name  covering  all  rocks  produced  from  gabbroa 
by  pressure,  it  may  safely  be  applied  to  the  rock  under  diacnasion,  for 
its  composition  is  the  same  as  that  of  the  gabbros,  and  it  has  evidently 
been  sabjected  to  great  pressure.  Professor  Hall,  who  has  made  a 
careful  study  of  this  rock  in  the  field,  thinks  there  can  be  no  doubt 
that  it  was  once  a  typical  gabbro.  If,  however,  we  disregard  theplagio- 
clase  as  a  classificatory  eleuieut,  we  may  call  the  rock  a  biotite-augite- 
schist. 

In  either  case  it  is  extremely  interesting.  Augite-schists  are  very 
rare,  having  been  described  only  a  few  times  in  the  literature  of  American 
petrography.*    Zobtenite  without  hornblende,  in  which  the  pyroxene 

I  PnliniliuT]'  desoripUoD  of  (be  p«ridatTl«a.  gKbbnM,  diabaua,  aod  Bndsiiflsfi  or  MIddusuU,  by 
U.  B,  WadiKortli :  Bull.  G«L  Nkt.  Hist.  Sorvflji  MlDpeuitm  No.  2, 1«8T,  p.  K. 

*Hlenp«ceple«l  DbHrratloas  of  the  IrnnbuTlng  (Hnrnnlan)  rocks  frnnt  tiia  letfian  south  of  I.Hko 
Sgpertor,  bj  Arlbnr  WIcbnuiBD :  Geol.  WIkouIo,  Vol.  IH,  ISSO,  p.  OH.  Rocks  of  thu  Wincouniu 
T«lley  in  the  Tldnity  of  WsnMO,  by  R.  D.  Jrrtng:  Ibid..  Vol.  IV,  pp.  MD  and  6M-^.  Preliiniuaiy 
pap«t  oa  u  biTestl^oD  of  ths  Archun  rormatiaiia  d(  the  NortbwMtern  Slate*,  b^  R.D.  Irvliip^ 
nah  Ann.  K«pt.  C.  S.  GmI.  Survey,  1S86,  p.  211.  '"'■'  '""  "  '  ^'^'"i_^ 
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aud  the  plagioclase  are  perfectly  Itesli,  are  even  more  exceptional  in 
occurrence  tliau  augite-scliista,  for  the  preusare  that  so  squeezes  a 
masBive  rock  as  to  flatten  its  contttitaerit  grains  produces  a  conditioa 
very  favorable  to  the  alteration  of  pyroxene  into  Lomblende.  Schis- 
tose gabbros,  in  which  hornblende  exists  in  large  quantities,  have 
been  described  in  many  foreign  publications  and  in  several  in  this 
country.    It  is  not  necessary  to  enumerate  them  here.' 

HYPERSTHENE-FREE  OABBRO-SCHISTS. 

lu  several  localities  in  tlic  valley  the  gabbro-schists  show  no  traces  of 
bypersthene.  lu  all  other  respects  they  are  identical  with  the  hyper- 
sthene-bearing  masses  just  considered.  Indeed,  io  several  instances  a 
series  of  samples  was  taken,  one  of  which  would  exhibit  well  the 
characteristic  hyperatheue,  while  auother,  from  the  same  belt  and  only 
a  few  feet  away,  would  prove  to  be  an  ordinary  iionbypersthene-bearing 
gabbro.  At  no  place  was  there  noted  any  geological  change  iu  general 
direction  aud  situation,  and  the  most  careftil  examination  failed  to  show 
any  break  whatever  iu  the  arrangement  of  the  rock  series.  Further, 
the  examination  of  samples  in  the  study  served  to  abon'  no  differences 
whatever  between  the  several  rocks,  save  the  presence  of  bypersthene 
in  one  and  the  absence  of  it  in  auother;  every  scale  of  proportion 
between  these  two  extremes  was  seen. 

At  800  i»aces  N.  and  400  paces  W,,  sec.  34,  T.  112  N.,  B.  33  W.,  there 
stands  an  exposure  of  a  somewhat  altered  gabbro.  It  is  a  narrow  belt, 
not  more  than  175  or  200  paces  long,  elevated  only  a  few  feet  above  the 
level  of  the  flood  plain  of  the  river.  Some  contortion  can  be  seen  in 
the  lamiufe,  but  the  general  direction  is  NW.-SE.  The  laminae  stands 
about  vertical.  The  rock  is  dark  green  in  color,  and  under  the  hammer 
ia  extremely  tough.  Lighter-colored  bands  alternate  with  the  darker 
and  more  basic.  Pyrite  is  frequently  seen  iu  compact  nests  of  crystals. 
A  fine  texture  generally  prevails. 

Quartz  has  entered  to  no  little  extent  into  the  mineral  ci>mpoBitiou  of 
this  rock.  It  has  assumed  the  pegmatoid  character,  and  in  many  places 
all'ords  a  matrix  to  the  other  aud  older  constituents,  particularly  to 
tbe  kaoliuized  feldspars.  Only  occasionally  is  the  feldspar  sufficiently 
preserved  to  disclose  its  labradoritic  character.  The  pyroseoio  oon- 
teuts  are  augite  aud  diallage  in  about  equal  proportions.  Tbe  normal 
extinction  of  these  two  minerals  is  readily  shown. 

While  it  is  more  or  less  true  of  both  pyroxenes,  it  is  particularly  so 
of  the  diallage,  that  it  is  in  large  areas  and  that  the  feldspars  aud  other 
minerals  occupy  vermicular  channels  and  spherical  spaces  within  the 
diallage  matrix.  PI.  XXin,  B  (from  sp.  5199),  shows  a  field  of  this 
kind  in  which  feldspar,  qaartz,  and  hornblende  lie  in  canals  iind  open- 
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ingb  iu  a  single  area  of  diallage.  Ttie  boundary  between  the  diallage 
and  the  indnded  minerals  is  partly  sharp  and  clear  aud  partly  broken 
Dp  into  narrow  reaction  rims,  along  which  there  seem  to  lie  several 
minerala. 

In  the  freshest  specimens  the  aagit«  and  diallage  are  almoBt  mis- 
tered. In  others  they  are  both  altered  to  hornblende.  In  places 
whole  areas  of  these  minerals  are  altered,  and  in  other  places  rims  of 
hornblende  sorroond  cores  of  the  pyroxene.  A  decidedly  fibrous 
character  is  in  some  places  assumed  by  the  secondary  hornblende, 
and  in  other  places  namberless  plates  of  green  horoblende  of  minate 
size  thickly  stnd  the  areas  of  pyroxene  and  give  a  green  color  to 
eatire  indlTidnals.  In  tbe  more  weathered  portions  of  the  rock  proba- 
bly more  than  ooe-half  of  tbe  balk  of  the  basic  coustituents  is  second- 
sry  hornblende,  and  there  is  in  addition  a  considerable  sprinkling  of 
biotite.  Between  the  folia  of  biotite  are  wedged  many  lenses  of  quartz 
and  epidote.    (See  PI.  XX,  C.) 

Around  Granite  Falls  several  localities  show  no  appreciable  qoantity 
of  hypersthene  in  the  gabbro-schists.  South  of  Granite  Falls,  iu  sec, 
i,  T.  115  N.,  B.  39  W.,  lie  some  exposures  of  these  rocks.  While  the 
great  mass  of  the  gabbro  which  stretches  fi-om  this  sectiou  northward, 
extending,  with  occasional  interruptions,  2  or  3  miles,  ia  liypersthene- 
bearing,  several  localities  may  be  cited  where  no  hypersthene  whatever 
was  seen. 

In  sec.  i,  at  1,500  paces  north  of  the  southeast  comer,  some  exca- 
vating has  been  done  in  a  search  for  gold.  Tbe  veinlike  matter  which 
has  already  beeu  mentioned  as  occnrring  here  was  followed  about 
20  feet  down.  In  the  neighborhood  of  tbe  vein  the  rock  is  decidedly 
masaiTe,  bnt  at  the  distance  of  a  few  feet  from  tbe  contact  it  has  a 
distinctly  schistose  character.  The  pieces  secured  show  admirably 
the  shattering  oi'  the  feldspars  and  the  anastomosing  through  them 
of  the  veins  of  bornblendic  material.  A  strongly  marked  diallage  is 
the  other  leading  constituent.    No  hypersthene  was  seen. 

The  rock  at  this  locality  shows  some  features  of  so  much  lithologio 
interest,  particularly  in  tbe  presence  of  a  generous  proportion  of 
garnet  (see  PI.  XSII,  B),  that  a  set  was  collected  for  the  United 
States  Geological  Survey's  Educational  Series  of  Rock  Specimens  (No. 
109).  Pro£  W.  S.  Bayley  prepared  the  description  for  this  series,  and 
from  his  deacriptioa  >  the  following  summary  Is  taken: 

The  prevailing  color  of  the  rock  is  dark  green,  speckled  with  large 
patches  of  dark  red,  and  small  areas  of  greenish  yellow  or  white. 
Upon  close  inspection  tbe  yellow  and  white  areas  are  seen  to  be  the 
glistening  cleavage  snrfoee  of  a  striated  plagioclase.  The  red  areas 
are  tbe  snrfiices  of  a  dark-red,  very  hard,  transparent  mineral.  It  has 
no  distinct  cleavage,  and  is  insoluble  in  acids.  The  properties  are 
those  of  garnet.    The  nature  of  the  dark-green  matrix  iu  which  the 

'See  Bull.  r.S.GeoL Survey  No.  150.  ISSS, pp. 282-286.  >..>..,...■., 
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garuet  and  plagioclaae  are  embedded  can  not  be  determiaed,  tlioagli 
from  its  dark  color  it  may  be  assumed  to  be  very  basic.  The  specific 
gravity  of  the  rock  is  3.105. 

Under  the  microscope  the  thin  aeclJon  shows  a  graunlar  aggregate 
of  plagioclase,  green  angite,  garnet,  and  magnetite,  with  small  quanti- 
ties of  green  hornblende,  a  few  grains  of  qaartz,  and  tiny  crystals  of 
apatite. 

The  plagioclase  is  in  irregular  allotriomorphic  grains,  4aY>Bsed  by  well- 
defined  cleavage  cracks  and  irregular  fissures  filled  with  decomposed 
products  and  stained  by  iron  oxides.  The  feldspar  is  clear  and  color- 
less, except  where  rendered  cloudy  by  inclusions.  The  most  abundant 
of  these  are  tiuy  flakes  of  chlorite  and  irregular  masses  of  an  opaque 
earthy  substance,  besides  dastlike  particles  of  magnetite  and  little 
nests  of  a  brightly  polarizing  calcite.  All  these  are  usually  abundant 
in  the  neighborhood  of  the  fissures  bat  are  rare  in  the  other  parts  of 
the  grains.  Other  plentiful  inclusions  are  long,  narrow,  apatite  crystals 
with  the  ordinary  characters.  The  average  length  of  these  apatite 
crystals  is  about  O.l  mm.,  and  their  thickness  some  0.05  mm.,  though 
a  f^w  have  cross  sections  measuring  0.2  mm.  in  diameter.  Angite, 
hornblende,  and  large  masses  of  magnetite  are  also  included  in  the 
plagioclase,  but  these  will  be  spoken  of  later. 

Under  crossed  nicols  tbe  plagioclase  twinning  becomes  very  apparent 
asmedlnmly  wide  bauds,  Q»ually  running  entirely  across  the  grains. 
Some  carve  slightly,  others  wedge  out  as  they  pass  toward  the  interiors 
of  the  grains,  and  still  others  spring  from  the  sides  of  cracks,  etc  These 
phenomena  indicate  that  the  rock  has  been  subjected  to  pressure  since 
it  solidified.  The  sehistosity  observed  in  the  field  is  probably  a  resalt 
of  this.  In  certain  restricted  areas  in  the  section,  notably  in  the 
neighborhood  of  large  garnets,  there  is  often  a  second  series  of  twin- 
ning lamellse,  with  more  or  less  nndnlous  extinction,  catting  the  first 
series  at  some  acnte  angle.  The  second  series  comprises  numerous 
lamellfe,  not  bo  distinct  as  those  of  the  first  set  and  not  so  sharply 
marked  off  from  one  another.  The  specific  gravity  of  tbe  plagioclase 
is  somewhere  about  2.68,  or  near  the  andesine  division  in  the  plagioclase 
series,  though  probably  a  more  basic  member  is  also  present,  with  a 
density  of  about  2.72, 

The  next  most  abundant  component  of  the  rock  is  a  pyroxene,  in 
green  allotriomorphic  grains  and  older  than  the  plagioclase.  This 
aogite,  where  fre^,  is  marked  by  two  series  of  cleavage  lines,  crossing 
each  other  at  angles  of  about  90^  in  basal  sections,  and  in  other  sections 
by  a  single  series  of  parallel  lines.  The  extinction  is  usually  inclined  to 
these.  The  augite  in  these  sections  may  easily  be  distinguisbed  from 
hornblende  by  the  lack  of  strong  pleochroism  and  by  the  large  angles 
of  extinction  against  the  cleavage  lines  in  a  single  direction,  which 
often  reach  as  high  as  43°,  whereas  those  of  hornblende  rarely  approach 
2i°.  Occasionally  a  slight  difference  in  absorption  may  be  detected 
in  the  mineral,  but  this  is  so  sUght  that  it  may  easily  be  overlooked. 
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In  addition  to  the  two  cleavages  mentioned  as  prominent  in  basal 
aectioDB  there  is  ofbeu  another,  presenting  itself  as  a  series  of  closely 
crowded  parallel  lines,  bisecting  the  larger  of  the  two  nearly  rectan- 
Kolar  IntersectioDB  of  the  cleavage  lines.  Since  the  shorter  of  the  two 
lateral  axes  in  pyroxene  is  the  orthoaxis,  this  cleavage  must  be  parallel 
either  to  the  orthozone  or  to  the  orthopinacoid.  It  is  determined  to 
be  an  orthopinacoidal  cleavage,  which  is  characteristic  of  diallage. 
At  one  time  this  cleavage  of  diallage  was  regarded  as  original,  and  the 
mineral  was  considered  as  a  distinct  species  of  pyroxene.  ISow,  as 
shown  by  Professor  Jndd,'  it  is  known  that  the  cleavage  is  secondary, 
and  that  its  origin  is  often  the  direct  consequence  of  pressure  to 
which  the  rock  containing  it  was  subjected.* 

Though  mnch  of  the  diallage  is  fi-esh,  a  atill  larger  proportion  is 
altered.  The  iuterior  is  often  stained  brown,  or  yellowish  brown,  and 
lacks  the  power  of  polarizing  brilliantly.  A  little  magnetite,  in  ronnded 
grains,  has  formed  aronnd  the  edges  of  the  altered  portion,  and  a  more 
or  less  flbrons  cleavage  has  developed  in  it.  In  places  the  yellowish 
substance  occurs  in  little  plates  or  needles,  arranged  in  parallel  lines 
inclined  to  the  cleavage,  thus  giving  rise  to  the  appearance  of  line 
cleavage.  In  some  cases  the  lines  are  so  straight  and  narrow  that  they 
are  with  great  difficulty  distinguishable  &om  true  cleavage  even  under 
a  high  power.  The  origin  of  somewhat  similar  inclusions,  so  common 
a  feature  in  diallage  and  hypersthene,  has  been  the  subject  of  much 
discQBsioD,  Jndd  considering  them  secondary  infiltration  products  along 
planes  of  easy  solution,'  and  others  regarding  them  as  original  inclu- 
sions taken  up  by  the  mineral  during  its  growth.* 

Aronnd  the  outside  edges  of  the  pyroxene  another  alteration  is 
observed,  it  being  surrounded  by  large  plates  or  small  granules  of  a 
bright-green  substance  with  strong  pleoohroism  in  yellowish-brown  and 
dark  binish-greeo  tints  and  an  extinction  inclined  to  the  cleavage. 
This  substance,  which  is  a  hornblende,  surrounds  the  pyroxene  as  a 
narrow  rim,  which  sometimes  extends  into  the  pyroxene  grain  and  at 
other  times  is  formed  of  granules  that  seem  to  have  been  added  to  the 
grain  after  its  formation.  In  either  case  the  substance  is  to  be  regarded 
as  secondary  in  origin,^  In  a  few  eases,  where  the  pyroxene  grains 
were  small,  the  entire  sabstance  has  changed,  and  in  its  place  are  now 
areas  of  hornblende  that  might  be  regarded  as  original  were  it  not  for 
the  fact  that  so  much  of  the  hornblende  of  the  rock  is  undoubtedly 
secondary.  Another  product,  in  some  places  formed  by  the  alteration 
of  pyroxene,  is  biotite.  This  is  in  small,  reddish-brown  flakes  mingled 
with  hornblende  on  the  periphery  of  the  areas. 

I  On  tbe  Tertiary  and  otbar  pwidotlte*  of  SwtUnd,  by  Prof.  J.  W.  Jndd:  Quart.  Jonr.  OeoL  Soo. 
London,  IBSb,  pp.  8TS-37fl. 

•  PreUminkry  dcaoripUon  of  the  peiidotj-Us.  gibbro*.  dUbuei.  uid  indBHii'tiia  of  ICInnMOta,  by  U.  B. 
WadBwortb :  Oeol.  NM.  Hlit.  Sarvey  Mlnn«Q(s,  Bull.  No.  Z,  ]gST.  p.  5S  at  seq. 

>Lac.  oU.,  p.  IM. 

•DlMnHlons  of  tbe  parldotltea  uid  noritee  of  tbe  Cortluidt  lerlH,  l>y  Q.  H.  WlUUmi:  Am.J'anT. 
Sel.,  3d  Hiieg.  Va],  XXXI,  Jan.,  laM,  p.  33,  ud  Vnl.  XXXIIE,  Feb.,  ISBT,  p.lU. 

■MoteantkcenlaigBmeiiCof  borablendcikDdaugltesIn  fJ-agmentiJiuideraptlTe  racks,  by  CKTu 
BIm:  Am.JoDr.Scl.,3d*eile*,  Vol.XXXin.Ui;,lS97,p.tSG. 


102         GNEISSES,  GABBR0-SCHIST8,  ETC.,  OF  SW.  MINNESOTA.   [botj-IST. 

The  magnetite  and  pyrite  appeur  oh  large  irregular  grains  scattered 
more  tmjuently  near  the  pyroxene  and  garnet  tlian  elsewhere  in  the 
rock.    Both  have  resisted  alteration  and  both  are  equally  opaqne. 

The  garnet  is  the  characteristic  mineral  of  the  rock.  It  is  in  large, 
cellular  masses,  sometimes  measuring  a  half  inch  in  diameter.  In 
the  section  it  appears  as  a  highly  refractive,  isotropic,  deep-pink  sub- 
stance filled  with  inclusions  and  crossed  by  many  irregular  cracks, 
along  the  sides  of  which  are  stains  of  yellow  iron  oxides.  So  large 
and  so  numerous  are  the  inclusions  that  the  garnet  salMtance,  in  its 
arrangement,  reminds  one  of  the  section  of  a  coarse  sponge  saturated 
with  various  colorless  products.  The  largest  and  most  striking  of  the 
inclusions  are  quartz  grains.  These  are  colorless  and  without  cleavage 
traces.  They  inclose  little  mica  plates,  apatite  crystals,  dust  particles, 
and  thousands  of  small  liquid-filled  pores  arranged  in  lines.  Under 
crossed  nicols  most  of  the  larger  grains  break  up  into  aggregates,  with 
the  lines  of  inclusions  passing  fh)m  one  grain  into  another  without  inter- 
ruption. Occasionally  some  of  the  clear  inclusions  in  the  garnet  are 
discovered  to  be  plagioclase,  but  these  are  comparatively  rare.  The 
other  substances  inclosed  by  the  garnet  are  small  pieces  of  biotite,  crys- 
tals and  particles  of  magnetite,  crystals  of  apatite,  and  thousands  of  tiny 
cavities  filled  with  liqnid.  As  in  the  quartz,  these  are  arranged  in  lines, 
and  the  lines  are  sometimes  eontinnons  in  both  substances.  This 
latter  phenomenon  woald  indicate  that  the  inclusions  are  of  secondary 
origin,  and  that  they  were  formed  after  the  quartz  and  garnet  had 
assumed  their  present  positions. 

The  associations  of  the  garnet  show  it  to  be  younger  than  the  other 
constituents.  Its  cellnlar  nature  is  evidence  that  it  did  not  separate 
from  the  magma  whose  cooling  gave  rise  to  the  main  portion  of  the 
rock,  becanse  garnet  formed  in  this  way  is  usually  among  the  oldest 
prodncts,  whereas  in  the  present  case  the  mineral  is  younger  than  even 
most  of  the  quartz. 

Another  form  in  which  the  garnet  exists  is  in  small  grannies  snr- 
rounding  the  magnetite.  Here  the  mineral  has  the  same  properties  as 
when  in  large  pieces,  except  that  it  contains  no  large  inclosiona  ot 
quartz  and  feldspar. 

The  quartz  is  in  colorless  masses  surrounded  by  garnet,  as  already 
mentioned,  and  also  in  larger  pieces  associated  with  the  garnet  but  not 
included  in  it.  It  usually  occors  most  abundantly  near  the  garnet,  in 
the  sections  containing  a  great  deal  of  that  mineral,  and  is  almost  if 
not  totally  absent  from  the  sectioDS  in  which  there  is  none. 

Since  the  garnet  is  probably  secondary,  i.  e.,  since  it  was  probably 
formed  after  the  main  portion  of  the  rock  had  solidified,  it  in  probable 
that  the  quartz  also  is  of  secondary  origin,  and  that  the  original  com- 
ponents of  the  rock  were  essentially  dialiage  and  plagioclase,  with 
magnetite,  pyrite,  and  apatite  as  accessory  constituents. 

The  rock  is  a  gabbro.  The  principal  mass  under  study  is  schistose, 
but  it  is  evident  that  this  is  an  imposed  structure,  since  even  in  the 
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apparently  masaive  variety  represented  by  the  band  specimen  abnn- 
dsDt  iadications  of  presBare  are  present.  The  uiaasive  phase,  since 
it  is  characterized  by  the  garnet,  muBt  be  ilenominated  garnetiferong 
gabbro.  The  schistose  variety,  being  a  sqaeezed  gabbro,  may  be  called 
a  gabbro-schist. 

Another  rock,  on  the  Rossell  farm,  south  of  Minnesota  Falls,  possesses 
80  much  litbological  interest  that  a  set  of  specimens  vas  selected  to 
coDstitnte  one  number  of  the  Educational  Series  collected  and  distrib- 
uted by  the  Survey  (Xo.  144).  The  exact  location  is  800  paces  N.,  100 
paces  W.,  sec.  11,  T.  165  N.,  B.  39  W.  In  the  field,  at  this  particular 
spot,  tho  rock  ia  distinctly  foliated;  it  strikes  nearly  £.-W.  and  dips 
N.  at  30°.  The  hand  specimen  at  first  shows  little  evidence  of  schig- 
tueity,  bnt  closer  examination  discloses  the  long  axis  of  a  minority  of 
the  grains  lying  approximately  in  the  same  direction,  although  Dot 
necessarily  in  the  same  plane.  The  following  sommary  also  is  from 
the  description  prepared  by  W.  8.  Bayley.' 

The  rock  is  a  medium-grained,  distinctly  crystalline  aggregate  of 
a  white,  striated  plagioclase  and  a  lustrous  black  hornblende  showing 
a  good  cleavage.  The  cleavage  snrf^e  is  less  even  than  that  of  mica. 
The  thin  section  of  the  rock  reveals  a  general  parallelism  in  the 
arrangement  of  its  darker  constituents.  Most  areas  show  only  a  coarse- 
grained aggregate  of  plagioclase  and  light-green  hornblende.  Other 
areas  show  iu  addition  a  very  light-colored,  highly  refractive  augite. 

Tfae  plagioclase  is  iu  very  irregular  grains,  clear  and  colorless  except 
fi»r  tiny  duatlike  inclusions  scattered  through  them.  Iu  addition  to 
these  it  contains  also  tiny  specks  of  magnetite  and  small  flakes  of 
green  hornblende.  Under  crossed  nicols  the  twinning  lamellie,  in  the 
majority  of  cases,  form  a  single  aeries  of  parallel  lines.  In  other 
cases  the  lamellffi  form  two  series,  cutting  each  other  at  angles  of  about 
78°.  Someof  thelamellEemnentirelyacross  the  grains,  others  spring 
&om  their  edges  and  wedge  out  toward  their  centers,  while  still  others 
spring  from  the  sides  of  cleavage  cracks  and  extend  only  a  short  dis- 
tance into  the  feldspathic  substance.  In  many  grains  the  lamelles 
have  an  undnlatory  extinction,  different  portions  of  the  same  lamella 
extingaishing  in  different  imsitions  of  the  stage  as  it  is  revolved.  All 
these  phenomena  indicate  that  the  feldspars  have  been  subjected  to 
pressure,  which  is  probably  the  same  as  that  producing  foliation  in  the 
rock  mass.  The  maximum  symmetrical  extinction  of  contiguous 
lamellae  is  somewhere  in  the  neighborhood  of  33^,  and  the  density  of 
the  mineral  is  2.731.    It  is  thus  a  basic  bytownite. 

Tbougli  tfae  main  mass  of  the  feldspar  is  fresh,  as  has  been  said,  the 
comers  of  grains  and  the  small  areas  between  neighboring  ones  are 
often  filled  with  a  micaceous,  brightly  polarizing  substance,  in  tiny 
flakes,  accumulating  in  little  cloudy  masses  in  and  between  the  fresh 
plagioclase  grains.    The  substance  has  the  peculiarities  of  kaolio,  a 
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commoD  alteration  prodaot  of  all  feldspars,  and  la  nndonbtedly  that 
material. 

Tbe  hornblende  is  in  large  masses,  of  green  color  and  of  moderate 
pleochrolsm.  Many  of  the  graias  have  bat  one  set  of  cleavage  lines. 
The  extinction  agtuoat  these  lines  varies  between  parallelism  and  an 
inclination  of  28°,  according  as  the  section  is  parallel  to  the  orthopiua- 
coid  or  to  the  clinopinacoid,  and  the  pleochroism  la  in  clear-green  and 
yellowiah-green  tints.  Other  grains  have  two  series  of  cleavage  lines. 
Where  the  lines  are  most  distinct  and  roost  sharply  cut,  the  angles 
made  by  the  two  series  are  124°  and  56°.  The  pleochroism  is  dark 
green  and  light  greenish  yellov;  a=greenish  yellow,  /3  and  /=green. 
Absorption,  ^=.y";>a.  The  different  iudlvidnals  of  the  mineral  are 
very  irregular  in  shape,  and  nsnally  four  or  five  aggregate  into  groups. 
Most  of  these  are  simple  individuals,  but  others  have  two  or  more  parts 
in  twinned  relation  to  each  other.  The  only  inclnsions  noted  in  the 
hornblende  were  little  grains  of  ma^etite,  small  dust  particles,  and,  in 
certain  sections,  masses  of  a  light-colored,  highly  refractive  mineral — 
augite. 

This  augite  is  foand  only  in  the  interior  of  masses  of  green  horn- 
blende. It  has  a  very  high  index  of  reflractiou,  and  is  not  pleochroic 
It  is  either  colorless  or  a  very  light  shade  of  green.  Under  favorable 
conditions  it  may  be  seen  to  be  crossed  by  two  series  of  cleavage  cracks 
making  angles  of  nearly  90°  with  each  other.  The  extinction  bisects 
these  angles,  and  the  polarization  colors  are  very  brilliant.  This 
augite  is  not  always  sharply  separated  from  the  surrounding  horn- 
blende. It  gradually  assames  a  greenish  tinge  on  its  edges.  This 
color  deepens  as  the  distance  from  the  interior  of  the  augite  increases, 
and  the  sabstance  acquires  more  or  less  iileocbroism,  until  it  finally 
becomes  indiatinguishable  firom  tbe  sorronndiug  hornblende.  This 
relation  of  the  two  minerals  indicates  that  the  hornblende  has  been 
derived  from  the  angite. 

Occasionally,  in  the  edges  of  hornblende  grains,  and  especially  where 
these  are  in  contact  with  feldspar,  small,  reddish-brown  dakes  of 
strongly  pleochroic  biotite  may  be  found.  These  dakes  sometimes 
extend,  with  frayed  ends,  far  into  the  hornblende.  Biotite  is  present 
in  but  small  quantities,  either  between  plagioclase  and  hornblende,  as 
described,  or  between  neighboring  hornblende  grains.  It  is  probably 
secondary,  being  due  to  a  reaction  between  the  bombleodie  and  the 
plagioclastic  materials.  Tbe  alteration  of  hornblende  into  biotite  is 
by  no  means  unknown.' 

The  chief  components  of  the  rock  as  it  at  present  exists  are  plagio- 
clase and  hornblende.  Tbe  latter  is  evidently  an  alteration  prodnct  of 
augite,  and  the  plagioclase  is  bytownite.  Both  minerals  are  allotrio- 
morphic,  but  the  rock  has  been  given  a  schistose  structure  by  pressure. 

of  Ulohlgui,  by  a.  B. 
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If  we  reooDstruot  the  predeoeaaor  of  the  Hchiat,  we  shall  have  a  granular 
aggregate  of  plagioclase  and  augite — i.  e.,  a  gabbro.  From  the  piea- 
eiice  of  hyperathene  in  the  fresher  rooks  in  the  immediate  neighbor- 
hood of  this  specimen,  it  is  fair  to  presnme  that  it  was  originally  a 
hypersthene  gabbro.  Its  composition  ia  now  that  of  diorite,  and  its 
Btractare  is  achiBtose.    Hence  the  rock  may  be  termed  a  gabbro-diorite.* 

Near  BDHsell's  f^m,  sec.  12,  T.  US  K.,  B.  39  W.,  a  sample  was  taken 
which  lay  almost  alongside  the  gabbro  just  described — a  typical  repre- 
sentative of  an  altered  gabbro.  In  this  sample  (sp,  5279)  the  pyroxene 
is  almost  completely  altered  to  hornblende,  yet  enough  remains  txi  show 
the  mouoclinic  babit  of  the  constituent.  The  hornblende  in  this  speci- 
men exhibits  in  a  very  beautiful  manner  the  characteristic  granular 
condition  which  the  secondary  phase  of  this  mineral  assumes  in  nearly 
all  localities  and  among  all  rock  types  of  the  Minnesota  River  Valley 
and  of  central  Minnesota.  Quartz  is  here  an  abundant  accessory;  so, 
too,  is  biotite  in  those  areas  within  and  aroand  the  space  formerly  oocn- 
pied  by  the  pyroxenes  (PI.  XXII,  A). 

In  the  aw.  J  of  the  9W.  J  sec  2,  T.  113  N.,  R.  36  W.,  there  stands  a 
Icrng,  low  belt  of  rather  coarse  hornblendic  schist  (sp.  5260,  Q739,  5740, 
£741).  Everywhere  over  the  surface  coarse  light-colored  granitic  veins. 
While  these  veins  mu  in  every  conceivable  direction,  a  general  paral- 
lelism with  the  laminie  of  the  schist  can  be  clearly  traced.  Their  fleld 
relations  to  the  ordinary  gneisses  can  not  be  made  out,  further  than  that 
they  lie  near  them,  direct  contact  being  thoroughly  concealed. 

The  feldspars  are  well  preserved  in  their  general  characters,  few 
areas  showing  a  breaking  up  into  kaolin  avd  here  and  there  a  stain- 
ing by  ferric  oxide.  Only  a  very  few  individuals  of  pyroxene  are  left 
from  the  alteration  into  dark-green  hornblende,  and  these  are  green  in 
color  and  angitio  in  optical  characters.  A  few  accessory  minerals  were 
also  noted  in  the  thin  sections.  So  far  as  studied  there  seems  to  be 
Uttle  difference,  in  the  degree  of  preservation  shown  by  the  individual 
minerals,  between  the  finer,  compact  rock  and  the  coarser,  crumbling 
phases. 

Save  in  the  presence  of  angite  at  this  locality  there  is  almost  no 
difierence  perceptible  between  this  schist  aud  that  in  sec.  4,  T.  114  K,, 
E.  37  W.  (sp.  5376). 

Three  miles  up  the  river  ftvm  La  Framboise's,  in  sec.  34,  T.  112  K,, 
B.  33  W.,  there  stands  a  series  of  small  knobs  of  a  schistose  rock, 
extremely  tough  under  the  hammer  and  almost  nnweatbered.  On  mac- 
roscopic inspection  there  appears  a  contortion  so  marked  that  the  true 
direction  of  the  schistosity  can  not  be  accurately  stated,  but  an  average 
of  measurements  shows  it  to  be  nearly  N"W.-8E.  The  exposnres  stand 
about  vertical.  The  contorted  bands  exhibit  frequent  nests  of  pyrite 
and  many  lenticular  feldspathic  streaks.  The  color  of  the  rock  is  dark 
green,  the  texture  fine. 

'  The  gabbcDs  and  uaoclntad  harnbleude  iwka  oi-cuirlng  In  tbe  sfighborhood  uf  fialtlmon.  Md,, 
tirO-H.WUUuiu:  BnU.  U.S.  a«ol.  Survey  Xd.  28,  1888.  pp.  17,  3T-3!.  -..-.---i^.^ 
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Tbe  three  itriucipal  minerals  present  are  a  plagioclastio  feldspar, 
aagite,  aud  uiaguetite.  The  feldspars  are  badly  decomposed.  Their 
alteration  has  proceeded  so  far  that  only  oocasiooal  individnals  are 
still  sufficiently  fresh  to  ahov  the  tvin  lamellee.  Tbe  two  replacing 
minerals  of  the  feldspathio  oonstitoent  are  kaolin  and  quartz,  the  last- 
named  mineral  appearing  in  very  nnmeroas  bat  scattered  grannies. 

While  the  feldspars  are  thus  largely  obliterated,  the  au^te  areas  are 
unusually  fresh,  A  f^reen  color  predominates,  and  cleavage  markings 
cau  be  seen  almost  everywhere.  The  extinction  angle  is  aronnd  65°, 
thns  indicating  a  normal  angite.  ^ot  infrequently  the  individuals  are 
of  so  large  size  that  they  include  many  other  minerals,  as  fbldsparB 
and  quartz.  Some  twinned  forms  occur.  The  hornblende,  which  for 
the  most  part  seems  to  be  secondary  to  the  angite,  is  in  small  areas, 
either  as  narrow  borders  around  the  areas  of  angite  or  as  small 
detached  areas  within  the  grains.  In  places  biotite  is  present,  and  a 
characteristic  of  this  mineral  seems  to  be  the  intercalation  of  lenticular 
segregations  of  epidote  and  quartz  between  the  folia.  Either  this  is 
due  to  the  alteration  of  some  mineral  which  in  its  change  prodaces 
both  biotite  and  epidote,  or  the  biotite  has  since  its  maturity  yielded, 
as  an  alteration  product,  the  material  which  has  developed  into  the 
interfoliar  epidote. 

PYROXBNE-PREE  a  ABB  RO- SCHISTS  OR  OABBRO-DIORITBS. 

In  their  alteration  the  gabbro-schists  in  several  localities  show  a 
total  disappearance  of  the  pyroxeuic  constituent  so  cliaracteristic  of 
the  fresher  members  of  the  series  and  its  replacement  by  hornblende 
or  by  hornblende  and  biotite.  lu  all  their  field  relations — and  they  have 
been  studied  from  one  end  of  the  valley  to  the  other — no  conditions  of 
any  sort  were  detected  which  might  be  regarded  as  peculiar  to  one 
member  of  tbe  series  nnd  not  to  be  found  in  another.  The  more  or  less 
schistose  structure  could  be  seeu  almost  everywhere.  Tbe  locfdities 
where  this  structure  is  lucking  have  already  been  indicated.  The  dark 
color,  modified  by  tbe  proportion  of  feldspar  or  the  degree  of  horn- 
blendization,  was  repeatedly  seen.  A  medium  texture  always  pre- 
vailed, IVequently  modified,  however,  by  the  occurrence  of  coarser 
segregations  or  1  ami  nut. 

While  veins  or  dikes  of  a  granitic  character  are  abundant  throngh- 
ont  the  gneissic  series,  they  are  generally  rare  in  the  gabbro-schist. 

In  the  west  half  of  sec.  21,  T.  114  N.,  E.  37  W.  {PI.  VIII),  there  stands 
a  mass  of  highly  contorted  hornblende  schist  which  is  dioritJc  in  type 
(sp.  5376).  Some  bands  are  biotitic.  It  is  surrounded  by  several  other 
knobs,  at  no  great  distance,  which  are  gneissic  No  weil-deflned  direc- 
tion of  schistosity  cau  be  stated,  yet  the  general  strike  is  Er-W.,  with 
a  northward  dip. 

Well-individualized  hornblende  occupies  about  two-thirds  of  the  bulk 
of  the  rock.    Frequently  twinned  individuals  ocour.    The  feldBpar  is 
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of  tiie  1abradorit«-aDorthit«  tyi>e,  aud,  while  very  fresh  and  strougly 
twJDued,  ahOTS  great  nneveDnesg  in  composition.  In  places  a  cloadi- 
oess,  dae  to  decomposition,  completely  hides  the  feldspathic  characters, 
and  in  other  places  a  ferric  oxide  is  disseminated  to  a  very  considerable 
extent  throagh  the  feldspars  and  hornblendes  alike.  Some  rather  large 
crystals  of  apatite  were  seen.  This  exposore  seemed  to  be  quite  isolated 
from  that  of  any  other  rock  of  similar  type.  Those  which  most  resem- 
ble it  are  the  dark-colored  schists  in  see.  2,  T.  113  N.,  R.  3C  W.  (PI.  VIII), 
and  in  see.  31,  T.  118  N.,  K.  40  W.  (PI.  XI},  both  of  which  have  ah«ady 
been  noted,  the  former  atill  carrying  some  portion  of  pyroxene  and  the 
latter  containing  hypersthene. 

Among  the  high,  bold  knobs  of  gneissio  rocks  which  stand  scattered 
throughont  sees.  3, 4, 6, 10,  and  11,  T.  113  N.,  B.  3«  W.  (PI.  VI),  are  sev- 
eral interlaminated  belts  of  hornblende-Bchist.  In  addition  to  these 
alternating  banda,  there  are  many  lenticnlar  neatu,  large  and  small. 
The  textnre  is  medium;  as  a  rale,  the  broader,  thicker  bands  are  the 
coarser.  The  scbistosity  lies  in  a  very  regular  direction,  striking  E. 
10°  S.,  and  dipping  southward  l^om  a  low  angle  to  oue  as  high  in  places 
as  7S^.  lu  mineral  composition  this  rock  varies  little  iVom  that  just 
mentioned.  The  feldspars  are  more  altered  here  than  is  the  Dsual 
condition. 

Coming  again  to  Granite  Falls  and  Minnesota  FaUs  (PI.  X),  several 
localities  may  be  noted  where  the  diorite-scbists  occur.  In  the  south 
part  of  the  village  of  Minnesota  Falls,  at  1,775  paces  J4.  and  75  paces 
W.,  in  sec.  11,  T.  115  N.,  B.  39  W.,  is  a  finely  crystalline  schist  (sp. 
5US)  which  is  badly  shattered.  It  lies  in  the  vicinity  of  a  granitic 
vem  of  considerable  size  and  only  a  short  distance  from  a  very  promi- 
nent dike  (sp.  5419).  Examination  indicates  that  this  rock  was  origi- 
nally a  gabbro-schist,  in  which,  at  the  present  time,  the  pyroxenic 
coustituentB  are  completely  obliterated.  In  spite  of  this  fact  the  rock 
is  fresh,  and  the  existing  mineral  constituents  can  be  diagnosed  with 
ease.    (See  PL  XXI,  B.) 

Starting  soathweatward  from  the  corner  post  between  sees.  33  and 
34,  T.  116  N".,  B.  39  W.,  and  sees.  3  and  4,  T.  115  S.,  R.  39  W.,  crossing 
the  Miuuesota  Kiver  and  proceeding  a  few  degrees  south  of  west  for 
a  mile  or  more  through  sec.  i,  one  pasaes  a  succession  of  knobs  which 
have  a  scbistosity  striking  westerly  and  dipping  southerly.  The  pre- 
vailing color  is  dark,  due  to  the  predominance  of  hornblende.  The 
texture  is  medium,  and  the  whole  aspect  of  the  rock  is  bright  and 
fresh.  The  mounds  are  not  high;  their  linear  arrangement  and  shape 
are  due  to  the  strike  and  inclination  of  the  rock  belt.  There  is  little 
veiniag  to  be  seen,  and  both  structure  and  textnre  are  very  uniform 
throughout. 

Still  another  locality  is  in  the  heart  of  Granite  Falls,  just  north  of 
the  court-hoase  and  the  several  churches  of  the  city.  A  belt  of  rather 
couse  gabbro-gneiss  extends  down  from  the  northwest,  swinge  ronod 
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to  the  right,  is  ioterrapted  by  a  uarrov  dike,  and  disappears  toward 
the  southwest.  While  the  rock  here  is  as  tteah  its  aloug  the  belt  just 
meutioued,  it  has  a  lighter  color  and  a  more  gueissoid  aspect,  due  to  a 
smaller  amount  of  borubleude.  The  term  "gneissoid"  is  applied  to 
indicate  that  the  proportion  of  fddspar  at  this  loeality  is  much  larger 
than  in  the  typical  exposures.  Everywhere  the  feldspar  individuals 
are  fiesh,  brightly  polarizing,  and  affected  by  alteration  to  a  compara- 
tively slight  extent.  Twiuning  is  everywhere  very  pronounced,  and 
the  extincttoQ  angles  point  to  the  labradorite-anorthite  type.  The 
granular  structure  is  very  aniform,  and  all  the  feldspars  are  apparently 
of  a  single  generation.  Wherever  alteration  has  crept  in,  it  results  id 
segregations  of  finely  crystalline  granules  in  the  central  portions  of  the 
individuals  affected.  Very  little  quartz  was  noticed,  and  that  appeared 
to  be  secondary. 

The  leading  basic  constituent  in  all  the  specimens  examined  is  horn- 
blende. As  a  rale  it  is  the  green  variety,  but  in  one  or  two  instaneeu 
brown  hornblende  is  present  as  the  center  or  core  around  which  the 
green  is  arranged.  Id  a  few  instances  a  highly  flbrons  condition  is 
seen,  with  a  rim  of  deep  green  snrronnding  the  areas  packed  with 
fibers.  Since  in  this  same  group  of  rocks  (sp.  6286,  623S,  and  espe- 
cially 5446)  the  mineral  hyperstliene  is  seen  changing  Into  this  fibrous 
hornblende,  we  cau  assume  that  origin  for  this  portion  of  the  horn- 
blende. There  is  certainly  every  indication  in  the  external  and  inter- 
nal characters  of  these  rocks  to  warrant  such  conclusion.  If  this  view, 
of  the  origin  of  the  rocks  carrying  the  fibrous  hornblende  be  tenable, 
it  mnst  also  be  so  of  those  in  which  this  mineral  is  expanded  into  folia 
and  grains,  whether  the  folia  and  grains  be  green  or  brown  in  color. 
The  same  reasoning  can  be  extended  also  to  inclnde  masses  in  which  a 
portion  of  the  alteration  product  is  chlorite  and  those  in  which  a  part 
of  the  hornblende  has  been  farther  changed  into  biotite. 

If  lithologic  proof  of  the  character  cited  be  iosufflcient  to  show  the 
relationship  of  the  hypers  then  e-beariug,  tbe  hypersthene-free,  and  the 
pyroxene-free  rocks  of  this  locality,  the  field  relations  may  be  cited. 
The  belts  of  hypersthene-bearing  rocks  which  occur  in  fine  exposures 
in  sec.  34,  T.  116  N.,  E.  39  W.  (PI.  X,  sp.  5445,  6293),  can  be  foUowed 
step  by  step  across  the  river  in  a  direction  a  little  south  of  west,  through 
sec.  4,  T.  115  K.,  B.  39  W.,  until  all  the  rocks  of  the  valley  finally 
disappear  under  the  glacial  drift  which  rises  as  the  southwestern 
boundary  of  the  river  plain. 

In  the  exposures  north  of  the  court-house,  where  the  hornblende  is 
scarce,  the  feldspars  are  apparently  identical  with  those  to  the  south  in 
the  long  belt  stretching  from  the  neighborhood  of  the  railway  station 
entirely  across  the  valley.  Bat  between  the  feldspar  individuals  there 
are  bands  and  dusters  of  finely  granular  quartz.  These  lie,  as  a  role, 
along  the  sides  of  the  feldspars  which  show  most  evidence  of  corro- 
sion, and  they  bear  every  aspect  of  secondary  origin.    The  hornblende 
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areas  are  asaaUj'  cltisters  of  iadividuals  of  small  size  lying  compactly 
together,  nearly  all  of  them  having  Bubatantially  the  same  crystallo- 
graphic  orientation.  They  are  nndonbtedly  secondary.  The  minerals 
adjacent  to  a  dike  are  in  no  way  different  from  the  individoals  of  the 
same  species  lying  many  feet  avay.  The  rock  is  ondoabtedly  second- 
ary to  some  phase  of  preexisting  gabbro.  It  may  have  become  some- 
what more  silicified  than  the  other  diorites  and  many  of  tiie  gabbro- 
schists  of  the  valley  during  the  metamorphism  of  the  rocks. 

On  the  top  of  the  hill  in  the  western  part  of  the  city  of  Granite 
Falls  is  a  rock  (sp.  6441)  of  rather  peculiar  mineral  and  textural  com- 
positdon.  In  only  one  other  locality  in  the  whole  valley  has  such  a  rock 
been  fonnd,  namely,  at  Montevideo.  It  is  a  somewhat  porphyrltlc  dio- 
rite.  So  aa^^te  is  present,  hornblende  abounds,  and  biotite  is  plentiful. 
The  hornblende  Is  green  and  somewhat  granolar,  with  occasionally  well- 
formed  crystals  extending  into  the  old  and  partly  kaolinized  feldspars. 
The  porphyritic  feldspars  are  plagiodases,  with  the  twinning  striee 
largely  obliterated  through  the  kaolinization.  Around  them  Is  &esh, 
transparent  feldspathlc  material,  apparently  orthoclase.  The  apatite 
needles,  which  are  thickly  strewn  In  every  section,  are  of  varying  sizes 
and  rarely  entire.  Many  of  them  are  not  only  broken  and  displaced, 
bat  are  shoved  until  they  overlap  one  another.  (PI,  XXIY,  B.) 
Aside  from  these  minor  characters  the  rook  shows  little  effect  of 
pressure. 
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CHAPTER  VI. 

PEniDOTITE  AND  SERPENTINE. 

PERIDOTITE, 

Peridotite  occurs  in  only  one  definitely  located  spot  in  the  Minnesota 
Biver  Valley  so  far  as  is  at  present  known.  That  spot  is  1,300  paces 
a.,  600  paces  W.,  sec.  9,  T.  112  N.,  B.  34  W.,  being  3  miles  iu  a  direct 
line  soatheast  of  Morton.  As  was  stated  in  Chapter  m,  bowlders  are 
fonnd  within  a  few  milee  of  this  place,  in  sees.  32  and  33,  T.  112  K.,  B. 
33  W.,  which  are  of  essentially  the  same  material. 

The  exiKtsure  in  sec.  9  shows  only  a  small  area.  The  rock  stands 
beside  one  of  the  many  small  lakes  formed  throagh  the  abandonment 
of  a  former  channel  by  the  river.  Its  entire  length  measares  300  paces, 
and  a  portion  of  this  is  now  covered.  There  are  no  other  ontcrops  of 
the  crystalline  rooks  within  a  half  mile,  and  in  this  exposure  itself 
there  is  no  visible  evidence  of  other  rock  species  than  perldotite  and 
its  alteration  product,  an  impure  serpeatine;  therefore  its  relations  to 
the  nearest  neighboring  rocks,  the  chlorite-gueiss  of  sec.  10  and  the 
ordinary  hornblendic  biotite-gueiss  in  the  south  half  of  sec.  4,  could  in 
no  way  be  determined. 

The  present  shape  of  these  peridotite  knobs  is  undoubtedly  dae  to 
the  erosion  of  the  Biver  Warren  and  its  successor,  the  present  Minnesota 
Biver.  The  strike  of  the  knobs  is  IT.  75^^  W.,  yet  this  can  not  be  accepted 
as  detennining  the  direction  of  the  emptive  material ;  it  rather  marks 
the  direction  of  the  currents  of  the  eroding  stream.  Trees  and  tarf 
cover  the  surface  of  the  rock,  save  where  the  slopes  are  too  steep  to 
retain  soil. 

The  rock  is  unnsually  dark  colored.  It  exhibits  many  spots  of  a 
bronzehke  hue,  which  are  probably  enstatite  cleavages,  and  many  dark 
olive-green  markings  of  irregular  contour.  In  more  decomposed  places 
the  tcesh  fractures  are  spotted  with  bright  green,  pointing  to  the  alter- 
ation of  one  or  more  of  its  constituents  into  chlorite.  In  still  other 
places  fresh  fractures  show  that  the  color  of  the  more  massive  portion 
varies  to  a  mixture  of  dirty,  light-brown  patches  set  in  a'groundmass 
of  dull-green,  finely  crystalline  material,  while  at  the  surface  the  color 
becomes  brown  to  black  ou  account  of  the  presence  of  organic  matter. 
Beneath  this  superficial  coating  of  foreign  material  the  duH-brown 
color  of  the  abundant  limonite  results  from  the  pronenesB  to  alteration, 
one  of  the  marked  characters  of  the  rock. 

The  exposures  everywhere  are  badly  fractured.     Along  every  seam 
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aud  parting  plane  alteration  faaa  extended  Into  the  rock.  Percolation 
channela  are  thoB  aftorded,  along  whicli  waters  liave  corroded  tfae  rock, 
usually  leaving  a  apoogy,  caTemons  surface.  Locally,  however,  there 
has  been  deposited  from  ioflltratiou  calcite  1q  small  masses,  together 
with  crystalline  and  crystallized  quartz  in  much  greater  qnantity.  The 
quartz  is  occasionally  amethystine,  and  clusters  of  rather  small  ame- 
thyst crystals  were  seen.  The  calcite  was  almost  everywhere  charac- 
terized by  a  waxy  luster  and  by  undulons  cleavage  planes. 

In  mineral  composition  the  peridottte  is  varyiug.  The  freshest  speci- 
mens are  composed  of  enstatite  and  olivine,  with  their  alteration  prod- 
ucts, serpeutine,  chlorite,  limonite,  and  chromite.  From  this  composition 
it  is  seen  that  the  original  rock  was  that  variety  of  peridotite  called  by 
'Wadsworth'  saxonite,  and  described  by  Dathe'  some  years  ago  under 
the  name  enstatit«-olivine  rocks  from  Bnssdorf,  Saxony.  The  rock  of 
the  Minnesota  Talley  differs  from  the  type  described  by  Dathe  chiefly 
in  the  parallel  (gneissicT)  structure  of  the  latter;  both  rocks  are  char- 
acterized by  the  predominance  of  enstatite  over  olivine  aud  all  other 
constituents,  both  accessory  and  secondary.  The  firesheat  specimens  at 
hand  (sp.  5215, 5731)  show  in  several  thin  sections  an  average  enstntitfl 
content  near  40  per  cent,  while  there  is  less  than  10  per  cent  of  olivine. 
Taking  into  consideration  the  secondary  contents  of  the  rock,  aud 
assuming  their  origin  from  their  color  and  testural  characters,  the 
following  estimate  is  made  of  tbe  original  mineral  composition  of  this 
saxonite:  Enstatite,  60  per  cent;  olivine,  35  per  cent;  all  other  coustit- 
iients,  5  per  cent;  total,  100  per  cent.  The  specific  gravity  of  the  rock, 
the  average  of  four  determinations,  is  3.827. 

Microscopically  the  enstatite  graius  are  fresh  in  their  central  portions 
and  disintegrated  around  their  borders.  Barely  are  well-defined  bound- 
aries seen.  Many  areas  are  still  large,  indicating  an  originally  coarse- 
Ip^iued  rock.  Tlie  color  is  light  brown,  the  cleavage  parallel  to  the 
axis  e  is  conspicuous,  and  the  separation  of  the  grains  is  into  thin 
plates,  in  many  places  so  marked  as  to  give  a  fibrous  habit  when  tbe 
section  is  cut  across  the  planes.  There  is  no  dicbroism  and  the  extuic- 
tion  is  parallel.    This  is  probably  the  oldest  mineral  in  tlie  rock. 

N'ext  in  interest  is  olivine.  This  mineral  is  everywhere  surrounded 
by  secondary  products.  Its  position  indicates  that  it  was  formed  sub- 
sequent to  the  enstatite.  Many  of  the  grains  are  included  within  tbe 
enstatite  individuals,  as  Wadsworth  showed  for  the  Minnesota  enstatite 
(byperstfaenel)-beiiring  gabbros.^  In  every  case  there  is  between  the 
two  minerals  a   band  of  decomposition   products   partaking  of  the 


■  UtltologlMl  StodlM  i  a  DMoHptlDn  and  CluslHcBtton  of  cha  HdcIib  of  cbc  CDrdUleraa.  br  U.  E, 
WadKwortb,  Cambridge,  UM,  |>.]25. 

•  XeoM  JabrbDob  fill  MuunloglB.  Geologls  und  PkliBODtologie,  bj  E.  Daihs.  Stnttgut,  187«,  pp. 
03-235. 

'Buf  MiuuQBota,  byU.  K.  WaUt- 
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oatare  of  a  reaction  rim.  Thus  they  are  never  Been  in  contact.  This 
band  resembles  in  color  and  textural  characters  the  decompoaitioa 
prodncta  of  olivine,  rather  than  of  enstatite,  as  those  prodocts  have 
been  grouped  in  the  examination  of  the  thin  sections.  Owing  to  some 
local  differentiation  of  which  the  rock  seems  to  bear  indicataona,  olivine 
might  originally  bave  constituted  the  major  portion  within  small  areas, 
although  it  now  comprises  only  a  small  per  cent  in  the  very  freshest 
specimens.  The  grains  are  rounded  and  elliptical  in  shape.  Generally 
several  small  areas  lie  clustered  in  the  same  crystallograpfaie  positioo, 
thus  iudicating  that  they  are  all  parts  of  the  same  ori^nal  crystal  grain. 
Occasionally  the  existing  grains  are  penetrated  by  veinlets  of  secondary 
mat«rial.  This  comparative  freshness  of  certain  grains  may  indicate, 
not  any  ability  to  resist  decomposition,  but  rather  that  the  prismatic 
zone  of  these  individuals  lies  in  the  field.'  The  sur&ces  of  the  olivine 
grains  generally  show  that  rough  appearance  due  to  a  high  refrac- 
tion index.  Inclusions  are  rare,  and  the  mineral  is  unusually  fne  from 
impurities.  This  may  be  due  in  part  to  the  fact  that  the  portions  of 
the  several  grains  which  were  once  studded  with  impurities  were  the 
first  to  succumb  to  alteration  and  have  completely  disappeared.  (See 
PL  XXVII,  A.) 

The  remaining  constituents  of  the  rock  seem  to  be  secondary.  The 
first  among  them  in  importance  is  serpentine.  This  mineral  flows  around 
the  others  as  a  matrix  in  which  the  remains  of  the  primary  constituents 
and  the  crystals  of  magnetite  and  other  secondary  minerals  lie 
embedded.  It  constitutes  nearly  half  of  the  entire  rock  mass  in  the 
freshest  specimens,  and  an  iooreasiog  percentage  in  the  more  decom- 
posed, until  the  whole  hand  specimen  is  frequently  serpentine.  It  is 
everywhere  fibrous  in  structure.  Locally  it  appears  as  plates  across 
which  the  extinction  shades  play  in  wavelike  succession  as  the  field  is 
rotated  between  crossed  nicols. 

An  opaque  mineral  is  present,  which  frequently  presents  the  rectan- 
golar  sections  iudicating  cubic  crystallization.  In  size  the  individuals 
seldom  exceed  0.026  mm.,  although  clusters  are  much  larger.  When 
crushed  the  rook  affords  a  considerable  quantity  of  a  jet-black, 
strongly  magnetic  powder.  Careful  qualitative  tests  foil  to  give 
reactions  for  chromium  or  titanium.  The  miueral  is  therefore  m^- 
netite.  These  magnetite  crystals  occur  in  the  most  completely 
altered  portions  of  the  rock.  Whei-ever  there  are  traces  of  the  ensta- 
tite or  olivine  the  opaque  constituent  lies  in  clusters  and  dendrites  of 
granular  habit.  These  clusters  are  crowded  to  the  walls  of  the  perco- 
lation canals,  and  often  afford  boundaries  between  tbe  primary  con- 
stituents and  the  serpentine.  3o  far  as  observed,  magnetite  does  not 
occur  within  the  unaltered  primary  minerals. 

It  has  already  been  noted  that  quartz,  in  crystalhzed  coatings  and 
claBt«rs  of  amethysts,  is  frequently  seen  along  tbe  joints  and  in  the 
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more-altered  portioas  of  the  rock.  Thio  sectiona  cat  from  the  most- 
altered  hand  speciiuenB  Bhov  that  qaartz  ta  steadily  replacing  tbe 
more  solable  constitnents.  It  occars  in  finely  crystalline  aggregations 
as  veins  and  tongodtke  processes  extending  iuto  the  very  interiors  of 
tbe  serpentinoDS  areas.  Locally  it  haa  replaved  all  other  constituenta. 
It  is  fitee  from  inclnaions,  and  the  grains  are  mutually  penetratiug. 
Some  very  beantifal  specimeos  of  vein  quartz  vere  seen  in  which  tbe 
pyramids  of  opposite  crystals  interlocked  and  the  conceutrio  stmctnre 
of  the  pyramids  was  a  marked  feature  of  the  mineral. 

Oalcite  is  very  seldom  seen  in  the  fresher  hand  specimens ;  in  the  more 
decomposed  it  occnrs  as  incrustations  of  a  resinous,  yellowish-white 
mineral  upon  the  surfaces  of  the  joint  planes,  and  microscopically  within 
the  rock  mass  as  veins  filling  the  spaces  tV>rmed  by  the  removal  of  the 
olivine  material.  It  is  probable  that  much  of  the  carbonate  is  dolomite, 
since  magnesia  occurs  so  abundantly  in  both  original  constituents, 
enstatite  and  olivine,  and  the  pulverized  rock  is  more  extensively  dis- 
solved in  heated  than  in  cold  chlorhydrio  acid.  It  is  in  the  partially 
altered  rook  that  the  carbonates  are  found;  in  those  most  completely 
changed  quartz  seems  to  be  taking  the  place  of  all  other  minerals,  both 
primary  and  derived. 

Chlorite  is  present  in  small  quantity  in  the  more-altered  portions.  It 
presents  the  usual  characters  of  this  mineral  developed  as  a  secondary 
product  in  nltrabasic  rocks,  being  fibrous  in  texture  and  sometimes 
arranged  in  rcsettelike  shapes  of  radiating  needles. 

Biotite  is  present  in  a  few  scattered  folia,  which  were  too  minute  for 
the  complete  demonstration  of  chemical  or  physical  characters. 

The  chemical  composition  of  the  freshest  specimens  of  saxonite 

(sp.  5215)  was  determined  (I)  by  Mr,  Alonzo  D.  Meeds,  in  the  chemical 

laboratory  of  the  Cniversity  of  Minnesota.    A  separate  determination 

(11^  of  tbe  silica  and  alumina  was  made  by  Mr.  F.  B.  Smith. 

dnaljiKt  of  laxoaiie  from  the  Hinnfota  Jliitr  Vallty. 
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I.  Peridotite,  var.  gaxonite.     Sp.  5215.     Locality,  ioo:  i,  T.  112  N.,  R.  W  W. 
II.  Same  specinien  iind  same  locttlitf  ii«  I.     A  separatu  detertiihiatiuD  of  tbe  bUIor 
and alnmiiia.  ui  i  i.^  ji .  >^>._'..'  .  i>. 
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By  comparisoD  it  is  seen  that  the  silica  content  of  this  saxonite  is 
very  near  that  of  the  olivine-enstatite  rock  (sazoniteT)  found  on  St. 
Faals  Bocks,'  althoagh  in  its  total  chemical  (haracters  it  ie  close  to 
the  picrite  of  Scbrieaheim  of  Baden,  analyzed  by  Fnchs.*  The  specific 
gravii?  of  the  two  is  very  near  that  of  Fnchs's  Schillerfels,  being  2.82. 

SERPENTINE. 

The  serpeDtioe  is  an  alteration  product  of  the  peridotite,  aud  as  the 
Alteration  of  the  latter  has  already  been  considered,  little  need  be  said 
of  the  serpentine.  It  is,  of  coarse,  the  chief  resnltaut  product  of  the 
decomposition  of  the  original  minerals  of  the  rock.  Chlorite,  magne- 
tite, finely  crystalline  quartz,  aud  one  or  more  carbonates  are  also 
readily  distinguished  (sp.  5216,  5733).  (See  PI.  XXVII,  B.)  Serpen- 
tine varies  considerably  in  color,  the  variation  being  due  to  the  chang- 
ing proportions  of  the  accessory  minerals.  The  dark-colored  portions 
are  the  more  compact  and  heavier.  Galcite  in  unusually  resinous 
habit  is  a  frequent  vein  mineral  in  the  serpentinous  phases  of  this 
locality.  The  specific  gravity  of  one  of  the  bowlders  collected  in  sees. 
32  and  33,  T.  112  N.,  B.  33  W.,  is  3.206. 

■BrltbhPetngnptay,  by  J.  J.  H.  TmU,  Londim,  ISM,  p.  103. 

•Sohillerfel>b«lSobrlubelin.  byC  T.  C.Fuclw:  SeuH  Jataibach  rarUUi.,Q«ol,,  undPatHStntt- 

gart,  18«4,  pp.  32e-S32. 


by  Google 


CHAPTER  VII. 


OCCURRENCE. 


From  OBe  eud  of  the  Minneeota  Valley  to  the  other  dikes  of  a  heavy, 
dark-colored  basic  rock— diabase— cut  tiie  gneisses  and  schists.  These 
dikes,  "the  igneoas  filling  of  fissores,"*  are  nsaally  in  vertical  position. 
Bzceptionally  they  come  to  the  surface  by  following  the  laminse  of 
the  rocks  tiiroagh  which  they  break,  as  at  Montevideo.  Every  thick- 
ness, from  a  firaction  of  an  inch  to  165  or  175  feet,  is  shown.  As  a  mle 
these  rock  bodies  are  nearly  straight  in  their  course,  and  they  hold 
their  thickness  with  surprising  nniformity.  It  is  extremely  rare  that 
one  "  pinches  ont"  or  that  it  is  interrapted  by  the  cutting  across  it  of 
veins.     IntmBionB  and  veins  of  a  granitic  type  are  not  here  considered. 

These  dikes,  with  two  or  three  exceptions,  are  of  finer  texture  than 
the  gneisses  and  gabbro-schists  in  which  they  occur.  Stntctnrally  they 
are  considerably  shattered,  and  it  is  only  in  the  broadest  of  them  that 
blocks  of  any  size  ft«e  trom  joints  can  be  seen.  A  basaltic  structure  Is 
frequently  evident,  with  the  horizontal  columns  at  right  angles  to  the 
walls  of  the  inclosing  rock.  Weathering  has  not  yet  attacked  them 
to  any  marked  extent,  either  on  the  exposed  tops  or  where  the  country 
rook  has  been  broken  away  on  the  edges  of  the  dikes. 

No  products  of  disintegration  are  to  be  seen  among  the  rocks,  either 
in  the  shape  of  concentrically  weathered  blocks  on  the  surface  of 
masses  or  in  comminuted  rock  debris  in  depressions.  This  is  due  in 
part,  perhaps,  to  the  comparatively  recent  removal  of  the  loosened 
blocks,  through  glacial  agencies,  as  fast  as  they  became  loosened 
in  their  places  in  the  natural  walls.  It  must  be  granted  that  a  faction 
only  of  the  dikes  actually  oocurriug  in  the  valley  can  be  seen  in  the 
comparatively  small  area  of  rock  sorfaces  in  sight  above  the  glacial 
drift  and  river  alluvium.  Those  that  were  seen,  and  from  nearly  all  of 
which  specimens  were  taken,  in  the  exploration  of  the  valley  are  cited 
on  the  followiog  page. 


■  QMlagy  or  WtooODiiii,  b;  T.  C.  Cbamberlln,  Vol.  I,  USB,  p.  4S. 
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Tbe  average  directioa  of  these  dikes  is  as  nearly  N'B.-SW.  ns  can 
well  be  estimated,  thus  indicating  tbe  Lake  Snperioi  Basin  as  the 
point  to  the  northeast  toward  which  they,  as  a  group,  seem  to  trend. 
Between  the  valley  and  Lake  Baperior  lies  tbe  great  central  Minnesota 
area  of  homblende-biotite-graDites,  with  smaller  areas  of  gueisses  and 
schists.  Throughout  this  area,  also,  there  are  unmeroas  dikes  which, 
in  many  of  their  mineral  and  chemical  characters  and  in  their  contact 
phenomena,  are  similar  to  those  nnder  consideration.  In  general  direc- 
tion, too,  there  is  the  same  NE.-SW.  trend  in  central  Minnesota  as  was 
noted  thronghont  the  length  of  the  Minnesota  Valley. 

Tbe  walls  of  the  dikes  present  a  sharp  mineralogical  contrast  with 
the  contact  surfaces  of  the  gneisses  and  gabbro-schists  through  which 
they  break.  Many  slides  were  examined  to  discover  whether  any  per- 
ceptible effect  was  produced  by  these  intmsioDS  of  plastic  basic  matter 
on  the  containing  rocks,  but  no  very  considerable  effect  was  seen. 
Tbe  normal  freshness  of  tbe  gneisses  and  gabbro-schists  is  maintained 
throughout  the  entire  zone  of  contact.  There  is  a  deposition  of  micro- 
crystalliDe  qnartz  along  the  immediate  contact,  and  perhaps  a  slight 
kaolinization  of  tbe  feldspars.  Aside  from  the  ])oititH  noted,  the 
gneisses  and  gabbro-schists  were  as  greatly  altered  far-away  from  any 
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kuowii  dikes  as  they  were  apOD  the  very  zone  of  contact.  The  two 
rocks,  the  dike  and  the  coaatry  rock,  are  so  firmly  anited  that  thin 
aectioiis  extending  across  the  contact  zone  could  frequently  be  made, 
as  Ft.  XXVI,  A,  will  show  (sp.  5291).  Constant  watch  was  kept,  io 
passing  these  dikes,  for  some  evidence  of  dyuamio  action  suggested  in 
their  contact  with  other  rocks  and  in  their  mineral  Btmcturcs.  Nothing 
was  seen  that  pointed  to  any  profound  distnrbance  subsequent  to  their 
intrusion.  N^owhere  was  there  seen  any  foliation  of  the  rock  itself  or 
any  development  of  foliated  minerals,  both  of  which,  according  to 
Williams,'  are  produced  by  dynamic  action.  Their  position  is  always 
vertical,  save  where,  aa  below  Montevideo,  they  break  through  the 
gneisses  along  the  lines  of  least  resistance  and  thus  follow,  for  short 
distances,  the  foliation  of  the  rock.  Nowhere  was  the  foliated  gabbro 
of  such  a  diabasic  type  as  to  be  regarded  as  a  formaUon  of  similar 
origin  with  the  contents  of  the  dikes.  Everywhere  that  a  contact 
between  the  two  was  seen  it  proved  the  structural  deformation  of  the 
former  before  the  appearance  of  the  latter. 

From  the  foregoing  consideratioDS  it  will  be  seen  that  the  lithological 
distinction  between  the  gabbros  and  the  diabases  is  as  clear  and 
undoubted  as  that  between  the  gabbros  and  the  gneisses. 

Around  Minnesota  Falls  and  Granite  Falls,  aa  will  be  seen  fh>m  the 
list  on  the  preceding  page,  dikes  are  rather  numerous.  Many  were 
seen  which  were  not  sampled  and  are  not  enumerated  in  the  table.  The 
general  direction  is  NB,-SW.  Their  breadth  varies  from  a  few  inches 
to  10  or  60  feet.  They  are  all  harder  than  the  surrounding  rocks,  and 
resist  weathering  much  better,  and  thus,  in  the  low  ground  where  ero- 
sion has  been  accomplished,  these  rock  masses  stand  iu  ridges,  either 
continnous  or  interrupted,  which  8tret«h  for  long  distances  across  the 
valley  and  add  in  no  small  degree  to  the  billowy  aspect — due  to  unequal 
erosion  of  the  rock  masses — extending  over  several  square  miles  in 
this  neighborhood.  All  the  dikes  are  much  alike  in  color,  in  horizon- 
tal columnar  stmctnre,  and  in  tendency  to  conchoidal  fracture.  There 
is  a  variation  in  texture  connected  with  the  breadth  of  the  dike,  and 
considerable  difference  in  the  degree  of  preservation  of  the  original 
mineral  constituents.  In  some  of  the  dikes  the  basic  constitneuts  have 
been  entirely  obliterated,  while  in  others  alteration  has  obtained  to  only 
a  slight  degree. 


The  nonlaminated  character  of  all  the  dikes  seoD  by  the  writer  in 
Minuesota  suggests  that  the  crustal  movements,  local  displacements, 
and  foldings  which  were  nndnubtedly  the  chief  agency  in  the  formation 
of  the  schistose  character  of  the  other  rocks  of  the  region,  took  place 
long  before  the  intrusion  of  the  diabases.    Another  fact,  already  empha- 
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Bized,  that  110  dikes  have  thas  far  been  found  among  the  horizontal 
aandatones  and  dolomites  constituting  the  widely  distribated  Cambrian 
beds  of  the  Northwestern  States,  places  the  period  of  their  formation 
near  the  time  of  Tolcanic  activity  in  the  great  Lake  Saperior  syncline 
designated  Keweenawan, 

GENERAL  PBTROORAPHICAL  CHARACTERS. 

Macrosoopical. — fbese  dikes  vary  in  textnre  more  than  in  stmcture  or 
in  chemical  or  mineralogical  composition.  This  variation  can  often  be 
seen  as  well  in  the  central  and  marginal  portions  of  the  same  dike  as 
in  two  different  dikes  iVom  extreme  portions  of  the  valley.  As  a  rule, 
the  narrow  dikes  are  of  firm,  compact,  and  even  teztore,  while  the 
broader  ones  are  correspondingly  coarser  and  more  porphyritic  in 
habit.  Everywhere  the  broken  surface  shows  a  Arm,  fresh  rock,  which 
rings  under  the  hammer  and  separates  with  a  oonchoidal  ftactnre  into 
sharply  angular  fhtgnieuta. 

In  color  all  the  dikes  around  Minnesota  Falls  are  dark,  some  of  them 
almost  black.  Others  take  on  a  greenish  hue,  as,  for  instance,  the 
great  dike  in  the  lower  valley  in  sees.  23  and  24,  T.  112  K.,  B.  34  W., 
which,  according  to  the  degree  of  alteration  the  rock  has  undergone, 
becomes  in  places  of  a  decidedly  pea-green  color.  Other  dikes,  as  id 
western  Granite  Falls  (sp.  5441),  exhibit  a  color  alteration  toward 
brown.  This  ia  attained,  however,  by  only  a  part  of  the  constituents. 
In  the  field  the  darkness  and  evenness  of  color  and  the  unifonnity 
of  teztnre  enable  one  to  distinguish  at  sight  the  dikes  from  the  dark- 
colored  laminated  rocks  through  which  they  break. 

The  porphyritic  babit  of  the  broader  dikes  is  very  clearly  shown  to 
the  unaided  eye.  The  coarser-textured  samples  frequently  exhibit 
cleaved  surfaces  of  polysynthetically  twinned  feldspars  from  a  half  to 
three-qnarters  of  an  inch  in  length,  and  a  general  lathlike  babit  for 
all  the  individnals  of  these  mlneralB,  The  fresher  and  more  firmly 
textured  dikes  show  in  a  less  degree  this  same  porphyritic  habit. 

"Sow  and  then  are  to  be  seen  nests  of  feldspathio  material  dne  to 
the  segregation  of  the  feldspars.  A  greenish  tinge  is  always  seen 
in  the  midst  of  and  around  these  segregations,  prodnced  by  the  alter- 
ation to  hornblende  of  the  angitic  constituent  in  their  immediate 
neighborhood. 

It  is  true  that  many  phases  of  textnre  and  mineral  composition 
can  be  seen.  There  is  a  wide  range  in  textural  characters.  In  min- 
eral composition  a  variation  has  been  traced  as  wide  as  the  differ- 
ence between  an  almost  fresh  and  perfect  condition  of  oue  of  the 
essential  minerals,  angite,  on  the  one  extreme  (PI.  XXY,  B)^  and  the 
utter  destruction  of  this  mineral  and  the  building  np  on  its  remains  of 
clear,  fresh  individnals  of  hornblende  on  the  other  (PL  XXI,  B). 
Tet  there  is  no  evidence  at  hand  to  show  that  these  d^;reefi  of  pres- 
ervation are  lu  any  way  dne  to  a  difference  in  the  age  of  the  dikes  or 
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to  any  local  couditioiis  sarrouudiug  tlieir  iatrusioii.'  The  didiereDce  in 
mineral  composition  is  probably  dne  to  nneqaal  weathering.  N^owhere 
in  the  valley  has  qaarrying  enabled  one  to  gather  evidence  of  any  more 
deeply  seated  alterataon. 

MicroscopicaL — In  thin  section,  as  well  as  macroscopically,  these 
dikes  present  the  diabasic  type.  In  places,  as  in  the  large  dike  south 
of  Granite  Falls  (sp.  5423],  a  beautiful  opbitic  stractnre  is  seen.  In 
some  iastances  a  porphyritic  habit,  with  marked  absence  of  the  ophitio 
stmctare,  is  very  pronoanced.  PI.  XXI  shows  very  clearly  the  two 
types  of  diabasic  structure  exhibited  by  the  rooks  in  the  valley. 
Nowbere  are  these  rocks  entirely  free  ft^m  alteration,  althougb  some 
hand  specimens  freshly  broken  appear  exceedingly  fresfa.  The  feld- 
spars are  assaming  a  more  or  less  distinct  kaolinization.  The  changes 
of  the  pyroxene  to  hornblende  and  biotite  are  as  prououDC«d  as  in  the 
gabbro-sohists. 

Id  its  ordinary  occurrenee  the  feldspar  appears  in  slender,  lathlike 
individnals,  either  simply  or  polysynthetically  twinned.  They  were 
developed  very  early  in  the  crystallization  of  the  dikes.  Great  diver- 
sity in  the  position  of  the  individuals  exists.  Occasionally  clusters 
of  the  feldspar  indlvidoals  may  be  noted,  which  give  to  the  naked  eye 
the  appearance  mentioned  as  porphyritic.  These  clusters  shov  at 
times  a  beautiful  twinning  of  the  crystals,  as  well  aa  series  of  parallel, 
placed  individuals.  The  twinning  most  freqaently  follows  the  Carls- 
bad law.  The  extinctioD  varies  somewhat,  thus  showing  variation  in 
the  relations  of  tbe  axis,  as  well  as  modifications  in  the  chemical  com- 
position of  tbe  mineral  constituent.  As  a  rule  the  smaller  feldspar 
individuals  are  rather  &ee  from  inclusions,  and  in  a  m^ority  of 
tbe  specimens  gathered  even  the  larger  ones  contained  few  foreign 
bodies.  Where  inclnsions  do  occur  there  are,  in  certain  localities, 
abundant  crystals  aud  grannies  of  hornblende  gathered  in  the  centers 
or  cores  of  the  larger  feldspar  areas.  This  segregation  shows  that  a 
molecnlar  change  of  no  little  importance  aud  signi&caQce  is  going  on 
among  the  crystalline  constituents  of  these  rocks.  In  other  localities 
the  feldspars  are  loaded  with  minute  granules  of  a  brown  color.  It  is 
difBonltto  determinejast  what  these  inclusions  are;  in  places  they  are 
grannlar,  translucent,  and,  when  taken  alone,  almost  without  color;  else- 
where, when  tbe  grannies  are  larger,  they  resemble  minute  particles  of 
the  ferric  oxide,  hematite,  scattered  through  the  Aeld.  In  places  the 
feldspars  are  partly  altered  into  kaolin  or  sanssurite.  Occasionally  the 
former  seems  to  be  the  mineral  formed  by  the  alteration  process,  and 
again  the  latter,  thas  difi'ering  somewhat  from  the  rocks  of  like  nature 
in  the  Menominee  region  of  Wisconsin  and  Michigan.*  In  a  few  cases 
microdine  was  observed  to  play  a  leading  rdle.    Aside  from  these 

iCf.  U.  E.  Widaworth:  Pnw.BoslOD  Soo.  Nat  Hiat.,  TaLXlX,  p.!i  aim  Geol.  Kut  Hlab  Sumj 
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instaDces,  where  seea  in  aubordiuate  qaautity,  its  conditiou  and  envi- 
ronment  are  aacb  as  to  lead  to  the  opinioa  that  it  is  a  aecondary  prod- 
act,  as  has  been  showu  to  be  the  caao  in  the  gneisses  with  which  these 
dikes  are  associated. 

The  pyrozenic  constituent  is  largely  ordinary  augite.  Seldom,  how- 
ever,  is  this  mineral  fresh  and  unaltered  save  in  the  ceutral  portions  of 
the  areas.  In  the  few  instances  vbere  an  unaltered  grain  is  to  be  seen, 
a  greeo  or  a  pink  color  prevails  in  place  of  the  ordinary  light  brown  so 
characteristio  of  the  mineral  elsewhere.  In  places  the  individoals  are 
large  and  constitnte  a  matrix  for  the  porphyritic  lath-shaped  feldspars, 
thus  forming  admirable  examples  of  the  ophitic  stmctare.  Where 
the  proportion  of  augite  to  feldspar  is  small,  the  areas  are  minate 
and  serve  simply  to  fill  op  the  interstices  between  the  feldspar  individ- 
uals. In  the  alteration  of  this  mineral  the  change  begins  at  the  margin 
or  along  the  numerous  cracks  which  in  the  vicissitudes  of  time  have 
been  produced  in  the  larger  individnals.  As  a  rule,  borublende  is  the 
direct  result  of  the  change,  bnt  more  rarely  biotite  is  one  of  the  altera- 
tion products.  In  most  cases  the  change,  whether  to  hornblende  or 
biotite,  or  to  both,  has  introduced  other  minerals  of  secondary  origin, 
the  fijiSt  of  which  is  quartz  in  minute  and  clustered  granules.  Para- 
morphic  hornblende  is  not  produced  by  the  alteration;  neither  is 
psendomorphic  hornblende  a  conspicuous  feature  of  the  change.  To 
all  appearances  the  resulting  minerals  encroach  on  the  feldspars  as 
well  as  on  the  pyroxenic  constituents.  Onlyrarelyis  theaxial  position 
of  the  original  grains  perpetnated  in  the  secondary  products — a  phe- 
nomenon found  in  some  instances  in  the  associated  gabbro-sohists. 

In  the  various  stages  of  alteration  from  the  rocks  containing  the 
clear  and  nearly  fresh  augite  to  those  bearing  fresb-looking  green 
hornblende  only,  the  whole  cycle  of  changes  from  diabase  to  diorite  is 
clearly  illustrated.  Only  a  step  is  lacking  to  show  the  evolution  of 
the  hornblende-schists.  That  step  is  the  change  brought  about  by 
mashing. 

Quartz  is  found  in  nearly  every  dike.  Nowhere  was  it  seen  as  a  por- 
phyritic separation,  as  is  the  case  in  a  few  localities  in  Steams  Couutyf 
Minnesota,  but  always  as  a  secondary  product  accompanying  the  meta- 
morphic  changes  in  the  rocks.  The  grains  are  very  minute;  they 
polarize  brightly  and  are  almost  free  from  inclusions.  In  places  they  are 
clustered,  suggesting  miniature  lenticular  or  gash  veins  of  quartz.  The 
vermicular  quartz  so  abundant  in  all  the  gneissic  rocks  of  this  valley 
is  usually  absent  in  the  dikea  In  those  samples  where  hornblende 
and  biotite  as  alteration  prodncte  occur  in  particularly  large  and  pro- 
nounced individuals,  quartz  grains  appear  as  a  prominent  portion  of 
the  intorcrystalline  materiaL 

Accessory  minerals,  aside  from  those  of  a  secondary  origin,  are  com- 
paratively obscure  and  unobtrusive.  Both  magnetite  and  pyrite  are 
present,  usually  in  rounded  grains  or  clustered  masses.    Menaccanite 
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[ilmenito)  also  appears  at  times,  snrroauded  b^  an  encircling  band  of 
titaoite.    Occasionally  immberleBS  needles  of  apatite  are  to  be  seen. 

The  chemical  constitution  of  the  dikes  has  not  been  carefully  studied. 
A  determination  of  the  silica  in  a  specimen  (5421)  from  Minnesota 
Falls  showed  62.01  per  cent.  This  is  probably  ao  average  silica  con- 
tent of  these  basic  rocks.  It  diSFers  little  from  the  silica  content 
of  similar  dikes  in  central  and  northeastera  Minnesota  and  northern 
Wisconsin  and  Michigan. 

Passing  to  matters  of  detail  .and  of  a  certain  local  interest,  we  note 
the  following  more  special  characters  of  the  dikes  already  discussed 
ill  a  general  way. 

MORTON  DISTRICT. 

In  sec.  19,  T.  112  Jf.,  B.  33  W.,  and  sees.  23  and  24,  T.  112  N.,  R.  34  W., 
lies  a  series  of  knobs  stretching  nearly  east  and  west  (see  PI.  V).  These 
knobs  coDStitate  a  part  of  by  far  the  largest  dike  seen  in  central  and 
BODthwestern  Minnesota.  The  width  is  (bim  165  to  175  feet,  and  the 
height  of  the  knobs  varies  from  10  to  30  feet  above  the  flood  plain. 
The  country  rock  is  the  hombleiide-biotlte-gDeiss  so  characteristic  of 
the  Fort  Ridgely  district.  So  far  as  conid  be  noted  at  the  time  of  the 
visit,  neither  the  texture  nor  the  mineral  composition  of  the  gneiss  was 
modified  by  contact  with  the  intrusive.  The  dike  stands  vertical. 
Several  cases  of  marked  slickensides  were  noted  where  a  readjustment 
had  been  efl'ected  between  the  dike  and  the  gneiss.  Teztnrally  the 
dike  is  of  medium  grain,  finer  at  the  bordei-s  than  toward  the  central 
portion,  but  occasionally  carrying  porphyritic  feldspars.  Little  tend- 
ency to  amygdaloidal  structure  was  noted,  and  this  near  the  contact 
of  the  gneiss. 

The  color  of  the  rock  is  greenish  black.  The  fracture  is  sharply  con- 
clioidal,  and  the  rock  rings  nnder  the  hammer.  Weathering  corrodes 
it  but  slowly,  the  mo»t  perceptible  result  being  a  yellowing  of  the  sur- 
face through  the  change  of  the  iron  pyrites  to  a  hydrous  ferric  oxide. 

ill  mineral  composition  this  rock  is  a  partially  altered  diabase  or 
iliabase-porpbyrite.  The  feldspar  is  plagioclastic,  lying  in  lathlike 
forms.  The  porphyritic  areas  resolve  into  more  or  less  altered  segrega- 
tions of  the  lathlike  forms  instead  of  exposing  broad,  poly  synthetically 
twinned  plagioclaaes,  as  in  the  gabbro-schists.  The  individuals  are 
comparatively  free  from  primary  impurities,  bnt  kaolinization  has  crept 
ill  to  a  considerable  extent  in  some  cases.  The  segregations  mentioned 
decompose  into  a  flbrons  mineral  of  a  slightly  green  color,  with  parallel 
extinction,  probably  saussuritic  in  composition. 

The  augite  is  more  or  less  altered,  and  everywhere  lies  between  the 
lathlike  feldspar  individuals.  Where  fresh  a  light^brown  color  pre- 
vails. The  angle  c  varies  from  37°  to  43°.  Alteration  has  nearly  every- 
where set  in,  resnlting,  first,  in  green  hornblende,  partly  massive  and 
partly  fibrous,  and,  second,  in  biotite.  The  process  has  not  proceeded 
fiu  enottgh  to  give  distinct  and  indlvidoalized  forms  to  the  resoltaut 
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minerals,  except  near  the  surface,  where  the  alteration  has  gone  »o  far 
as  almost  to  obliterate  the  aagite  individaals. 

Magnetite  and  pyrite  occur  in  grains  of  Tarying  size  and  shape,  not 
as  a  mle  of  great  size  nor  of  any  regolarit^  of  form.  Skeletonlike 
aggregations  of  pyrite  are  sometimea  very  noticeable.  Epidote  and 
apatite  are  both  discloaed  by  an  inspection  of  thiu  Bectiooa.  The  latter 
is  present  in  some  portions  of  the  dike  iu  numerous  long,  slender, 
needle-shaped  crystals,  freqaently  broken. 

Quartz  as  a  reealtant  of  the  alteration  processes  rather  frequently 
appears  in  brightly  polarizing  areas.  As  a  rule  these  areas  are  not 
lai^e,  and  they  lie  in  the  most-altered  portions  of  the  rock.  Snrfaee 
weathering  is  especially  effective  in  developing  this  mineral,  which  is 
deposited  iu  the  contact  areas  between  the  incluBions  and  the  normal 
lock.  It  extends  into  both  portions,  filling  interstices  io  the  diabase 
as  well  as  forming  the  oater  zones  of  the  inclusions  themselves,  and  by 
degrees  gives  place  in  the  feldspars  to  the  kaolinic  alteration  product. 
In  these  situations  the  quartz  throughout  large  masses  of  the  rock  has 
arranged  itself  in  the  same  crystallographic  directions,  thus  extin- 
guishing simultaneously  in  large  areas,  even  tbongb,  as  appears  in  the 
section,  the  different  portions  of  quartz  be  entirely  separated  by  other 
minerals.  PL  XXVI,  B,  is  an  effort  to  show  this  intercalated  quartz 
as  it  is  exhibited  in  specimen  5400. 

VICKSBURG  DISTRICT. 

In  the  Ylcksbnrg  district  (see  Fl.  VIII),  in  the  area  designated 
"rock  barrens"  by  the  land  surveyors,  there  are  several  dikes.  One 
of  them,  in  places  40  feet  wide  and  having  a  direction  N.  30°  E.,  lies 
exposed  at  several  points  in  sees.  12  and  13,  T.  114  S.,  B.  33  W.  The 
color  is  a  mixture  of  green  and  white.  Weathering  has  changed  the 
sur£Bce  to  a  dull,  dirty  brown  or  reddish  brown.  This  dike  is  of 
medinm  coarseness.  The  texture  is  distinctly  diabasic.  This  and  the 
narrower  neighboring  dikes  are  considerably  shattered. 

The  leading  miueral  constitaents  are  a  plagioclase  feldspar  and  one 
or  two  pyroxenes.  At  the  surface  the  feldspar  is  so  greatly  altered 
that  the  extinction  angle  can  be  read  iu  only  a  portion  of  the  indi- 
vidnalit.  This  extinction  points  to  the  anorthite  end  of  the  feldspar 
series.  The  usual  twinning  phenomena  were  noted.  The  product 
resalting  from  the  alteration  of  the  feldspar  seems  to  be  kaolin.  The 
pyroxene  is  so  completely  altered  to  hornblende  that  the  optical  char- 
acters of  this  coDstitnent  could  not  be  well  determined;  39°  marked 
the  extinction  of  one  small  core,  which  placed  that  individaal  iu  the 
category  of  ordinary  angite.  Green  hornblende  is  the  leading  product 
resulting  from  the  breaking  up  of  the  pyroxene.  It  is  in  places  devel- 
oped into  well-f6rmed  individuals,  some  of  which  are  strongly  twinned. 
In  places  the  hornblende  individuals,  as  well-developed  plates,  lie  in  a 
matrix  of  clear  secondary  quartz,  and  again  a  decidedly  fibrous  coodi- 
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tion  prevails,  and  qaartz  may  or  may  not  be  preseut.  A  few  sm^ 
areas  of  biotite  seem  to  spring  ftvm  the  alteration  of  the  borobleDcle, 
Quartz  ia  scattered  throoghoat  the  rock  as  interstitial  matter,  generally 
taking  the  place  of  the  feldspars.  Oceasional  small  areas  are  pegma- 
titio.  Magnetite  is  present  in  small,  scattered  grains  and  crystals. 
Apatite  needles  are  rather  nomerous,  althoagh  small. 

GRANITE  FALLS  DISTRICT. 

In  the  Granite  Palls  district  (PI.  X)  there  are  a  large  nnmber  of 
dikes.  Among  them  are  those  which  are  ophitic  and  very  fresh,  and 
others  which  have  lost  all  their  pyrozenic  constituents  through  altera- 
tion into  hornblende.  These  last  are  simply  diorite  dikes.  No  geograph- 
ical classification  is  possible,  since  the  degree  of  alteration  seems  to 
de{>end  in  large  measure  on  the  width  of  the  dike  and  the  conditions  of 
rock  association  under  which  it  occurs. 

The  two  dikes  which  represent  most  perfectly  the  ophitic  fltmcture 
lie  the  one  on  the  north  side  of  Granite  Falls  (sp.  5286),  1,100  paces  N., 
100  paces  W.,  sec.  29,  T.'116  N,,  R,  39  W.,  and  the  other  to  the  south  of 

Granite  Falls  (sp.  5423),  1,000  paces  S., paces  W.,  sec.  4,  T.  115  N.,  R. 

39  W.  The  former  has  a  width  of  40  feet  and  a  course  N.  30°  E.  The 
latter  is  at  least  25  feet  wide  and  runs  y.  45°  E.  While  the  texture  of 
these  two  dikes  is  medium  it  is  coarser  than  that  of  others  in  this  district. 
The  color  is  dark  green  to  black.  On  the  borders  of  the  dikes  there  are 
traces  of  an  amygdaloidal  structure  in  the  occnrrenceof  vesicles.  Barely 
porphyritic  crystals  of  plagioclastic  feldspar  are  found.  The  augit« 
occurs  in  large  areas  from  2  to  5  mm.  across  (see  Fl.  XXV,  £,  from  sp, 
5286,  si.  2241),  Their  borders  are  somewhat  roughened  by  alteration 
and  the  intrnsion  of  secondary  hornblende.  Freshly  fractured  surfaces 
of  the  rock  show  namerous  cleavage  planes  of  the  augite  thickly  inter- 
woven with  the  cleaved  lathlike  crystals  of  the  feldspar.  The  spaces 
between  these  augite  surfaces  are  filled  with  a  finely  granular  matrix, 
which  lacks  the  bright  reflection  Just  mentioned  and  isof  a  green  color. 
These  reflecting  surfaces  seem  to  be  identical  with  those  described  by 
K.Pumpelly  in  the  melaphyr  or  "greenstone"  extending  alongSeweenaw 
Point  and  stretching  south  westward.'  The  structure  has  been  seen  by 
the  writer  in  many  rocks  of  the  Northwest,  including  diabases,  gabbros, 
and  even  granites.  Aside  from  the  lathlike  labradorite  crystals  which 
penetrate  them  in  every  direction,  the  augite  crystal  areas  are  singu- 
larly iree  Irom  inclusions.  There  are  fracturert  which  to  a  greater  or 
less  extent  serve  as  alteration  zones  and  facilitate  the  progress  of 
mineral  changes. 

The  feldspar  crystals,  which  are  labradorite  or  very  near  it  in 
optical  characters,  are  filled  with  brown,  dustlike  inclusions.  Their 
distribution  through  the  feldspar  crystal  is  not  uniform,  but  they  are 
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clustered  iu  certaiD  portions,  where  ttaey  impart  a  decided  brown  color 
to  tbe  miDeral.  Another  inolaBioD  which  Hcems  to  be  quite  couiiuou  in 
the  feldspars  is  finely  granalar  an^te,  which  was  apparently  caught 
up  in  the  crystallization  of  the  rock.  The  boundaries  of  the  feldspars 
are  sharp  and  smooth  planes.  The  shreds  and  prismatic  blocks  of 
augite  everywhere  seem  to  penetrate  them.  This  is  more  particularly 
true  of  the  ends  and  diagonal  edges  of  the  feldspars  tban  of  their 
prismatic  surfaces. 

Olivine  is  present,  but  only  a  few  central  cores  remain  of  what  was 
once  uo  Inconsiderable  constituent.  Tbe  rough  surface,  bright  polar- 
ization colors,  and  optical  extinction  show  the  nature  of  these  cores. 
They  are  bounded  by  a  bright-green  hornblendic  alteration  product 
which  is  radially  developed  around  the  cores.  Associated  with  the 
hornblendio  prodnct  is  a  black,  opaque,  granular  material,  probably 
au  oxide  of  iron,  which  in  places  is  developed  in  icstivated  forms,  due 
te  the  contact  of  the  grauules.  Magnetite  in  large  crystals  and  gran- 
ular areas  is  a  comparatively  frequent  mineral.  Biotite  was  seen  in  all 
tbe  slides  examined,  doubtless  occurring  as  a  secondary  product. 

Entering  the  neighborhood  of  Minnesota  Falls  and  Granite  Fidls 
from  the  south,  one  meets  the  first  dike  to  the  south  of  Minnesota  Falls, 
in  sec.  12,  T.  115  N.,  B.  39  W.  This  dike  {sp.  5280),  about  20  feet  in 
width,  breaks  vertically  throagh  a  gabbro-schist.  The  feldspars  were 
latb-shaped  individuals^  the  original  boundaries  of  many  are  dow 
obliterated,  and  the  polysynthetic  twinning  can  no  longer  be  seen. 
Kowhere  is  augite  visible,  bat  its  place  has  been  taken  by  hornblende 
and  biotite  as  secondary  products.  The  hornblende  occurs  in  fine 
granules,  Ijnng  sometimes  in  parallel  position,  but  usually  scattered 
in  all  directions.  The  proofs  of  the  secondary  nature  of  the  hom< 
blende  do  not  lie  in  these  slides  only;  they  can  be  seen  iu  the  rocks 
of  the  locality  taken  as  a  whole.  At  this  place  the  gabbro-schist  out 
contains  much  fresh  pyroxene,  and  yet  this  mineral  has  utterly  dis- 
appeared in  an  intersecting  dike.  Magnetite,  epidote,  and  pyrite  are 
present.  The  last  two,  and  doubtless  mncb  of  tbe  first  named,  are 
secondary  minerals. 

Just  across  the  river,  in  sees.  2  and  11,  and  almost  due  north  from 
the  dike  jnst  described,  extend  other  dikes,  somewhat  broader  and 
coarser  textured  (sp.  5419).  The  direction  is  S.  4A'^  £.  Mineralogically 
they  are  almost  precisely  like  the  dike  sooth  of  the  river  (sp.  6280), 
differing  chiefly  in  their  coarser  texture,  in  the  larger  proportion  of 
secondary  biotite,  and  in  the  skeletonlike  segregations  of  pyrite.  The 
alteration  of  the  pyroxene  into  hornblende  has  proceeded  far  enough 
to  change  to  some  extent  the  sharp  boundaries  between  the  feldspar 
individuals  and  their  basic  neighbors. 

In  sec.  34,  T.  116  N.,  E.  39  W.,  East  Granite  Falls,  around  the  railway 
station  and  the  grain  elevators,  and  Btretehiug  soathwestward  to  the 
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river,  are  aeveral  occurrences  of  dikes.  One  of  them  appews  to  be  of 
considerable  width,  at  least  30  or  40  feet.  (Sp,  6294.)  Ita  direction 
is  W.  30<^  S,  The  central  part  is  rather  coarse  textured,  firm,  aod 
Iresb,  while  along  the  contact  with  the  gabbroid  rock  it  is  rather  finely 
crystalline.  Another  dike  (ap.  5295),  exposed  in  several  places  near 
the  Pillsbnry  grain  elevator,  is  of  nearly  equal  extent.  An  examina- 
tion of  the  rocks  constituting  these  dikes  ehows  the  feldspars  to  be 
somewhat  altered.  They  carry  some  small  grains  of  hornblende,  and 
are  literally  colored  brown  by  the  nnmberless  grannies,  which  could 
not  be  resolved  with  an  immersion  lens.  Their  color  and  the  general 
aspect  of  the  rock  lead  to  the  view  that  they  are  the  same  substance 
which  has  been  mentioned  as  occurring  in  the  fresh,  ophitic,  diabase 
dikes.  The  angite  .has  entirely  disappeared,  and  its  place  is  now 
occupied  by  hornblende  lying  in  fine  and  irregularly  distributed 
grains.  In  places  these  grains  of  hornblende  include  numberless 
minute  black  particles.  Where  biotite  is  seen,  it  lies  near  the  corroded 
particles  of  iron  pyrites. 

Id  the  south  side  of  this  same  section  (34)  lie  other  dikes  having  the 
same  general  macroscopic  characters  as  those  named.  A  slide  madeof 
the  contact  material  between  one  of  these  dikes  and  the  country  gab* 
bro-schist  shows  a  very  sharp  contact  (sp,  6294).  The  gabbro-sehist 
and  the  dike  show  an  entire  alteration  of  the  pyroxenic  constituents 
into  finely  granular  hornblende  and  into  au  abundance  of  fresh- looking 
plagioclastic  feldspars.  The  dike  material  is  finely  crystalline  and  the 
plagioclase  is  in  part  porphyritic.  A  very  fine  texture  is  noticeable 
along  this  contact,  which  does  not  appear  in  the  middle  of  the  dike, 
and  a  belt  of  finely  granular  quartz  forms  an  almost  complete  zone  of 
aepuation  between  the  dike  and  the  country  rock  (see  PI.  XXVI,  A), 

Along  the  river's  edge  and  near  the  highway  which  leads  out  of 
Qranite  Falls  toward  the  northwest  are  several  dikes,  some  of  consid- 
erable width.  They  are  seen  iu  that  portion  of  sec.  28  lying  south  of 
the  Minnesota  Giver,  and  along  the  northern  border  of  sec.  33.  In  the 
last-named  section  three  of  four  dikes  are  nearly  parallel  as  tbey  stretch 
across  the  brow  of  a  hill.  Their  general  direction  seems  to  be  S.  40°  W. 
Several  minor  dikes  show  considerable  variation  ttom  this  course.  In 
mineral  composition  they  are  all  essentially  the  same. 

In  Granite  Falls  a  narrow  dike  5  inches  wide  was  sampled  (sp.  5432), 
which  macroscopically  shows  a  distinct  porphyritic  structure.  A  micro- 
scopic examination  shows  that  this  appearance  is  due  to  nests  of  horn- 
blende granules  within  a  matrix  of  plagioclase,  hornblende,  and  biotite. 
In  their  distribution  these  granules  mark  the  form  of  some  preexisting 
crystals  which  might  have  been  olivine,  thns  presenting  a  rock  like 
that  at  Sauk  Bapids,  where  olivine  crystals  are  still  clear  and  distinct 
in  a  porphyritic  rock  occurring  as  a  narrow  dike  in  the  homblende- 
biotite-granite  of  the  Sauk  Hapids  granite  quarry. 

Betveen  the  ftesh  dikes  and  the  much-altered  ones  above  described 
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ar«  many  interniediate  stages,  in  which  the  feldspars  are  tinged  trith 
alteration  and  the  aagites  show  hornblende  around  their  borders  and 
E^ong  cracks  within  the  grains.  The  phases  of  alteration,  wbile  vaiy- 
ing  slightly  in  some  details,  have  their  broader  characters  in  oommen, 
and  represent  every  stage  from  the  fresh  aagite  to  the  clear  bombleude. 

MONTEVIDEO  DISTRICT. 

Around  Montevideo  (see  PI.  XI)  there  are  several  dikes  of  some 
lithologic  interest.  They  lie  in  the  bottoms  sonth  of  the  railroad  track, 
in  sees.  20, 21,  and  34,  T.  117  N.,  B.  40  W.  They  are  of  diverse  widths 
and  vary  in  degree  of  preservation.  With  a  single  exception,  so  i^  as 
observed,  they  stand  in  vertical  positions  in  the  rocljs.  This  exception  Is 
in  a,  railway  cat  in  sec.  20,  where  a  dike  a  few  Inches  in  width  follows 
the  bedding  of  the  red  acidic  gneiss  of  the  district. 

Wbere  these  dikes  are  narrow,  as  in  sec.  34  (sp.  6299,  5300],  they 
show  the  total  disappearance  of  aagite  and  the  plentiful  occurrence  of 
needles  of  apatite  iu  every  part  of  the  seotioD.  The  alteration  prodncts 
of  the  angite  are  hornblende  and  biotite,  nearly  in  the  proportion  of  2 
to  1  in  the  slides  examined.  While  many  localities  show  the  direct 
formation  of  hornblende  alone  from  the  aagite,  these  rocks  exhibit  a 
remarkably  even  distribation  of  the  biotite,  not  only  aroand  the  horn- 
blende areas  but  within  them  as  well. 

In  the  broader  dikes  (ap,  5303)  the  individoals  of  all  the  mineral 
constituents  are  much  larger.  The  feldspars,  whicb  frequently  lie  in 
nests  of  twinued  forms,  are  loaded  with  minate  granules  of  hornblende 
scattered  as  an  impurity  through  their  central  portions.  These  horn- 
blende granules  all  seem  to  lie  lu  the  same  crystallographie  direction 
in  any  given  feldspar.  A  characteristic  feature  of  these  fi^dspars  is 
the  brown  color  which  appears  in  almost  every  section.  In  places — 
for  instance,  where  the  hornblende  granules  appear  in  their  cores — 
the  brown  color  is  exceedingly  slight,  and  as  a  rule  the  feldspars  are 
more  mashed  around  the  borders  of  the  areas,  although  this  condi- 
tion can  not  be  clearly  defined.  Twinning  in  very  striking  forms  is 
shown  in  the  larger  feldspars,  combinations  after  the  peridine  and 
aJbite  law  being  frequent.  A  zonal  structure  is  conspicuous  in  many 
of  them.  It  appears  to  be  of  two  kinds:  first,  a  structure  due  to  in- 
termptions  in  the  growth  of  the  crystal  grains;  and,  second,  where 
additions  of  a  secondary  nature  were  made  to  the  original  feldspar 
individoals  after  the  consolidation  of  the  rock  and  during  its  alteration. 
Occasionally  the  feldspar  areas  show  the  presence  of  kaoltnic  material. 
The  aagites  have  began  to  change  to  hornblende,  as  their  rims  of  finely 
crystalline,  green  material  clearly  show.  In  places  the  alteration  is 
complete.  (SeeFl.XXy,A.)  Olivine  is  not  pre8ent,and  no  coresof  that 
mineral  were  noticed,  altbongh  many  areas  of  secondary  material  oocnr, 
particularly  in  that  part  of  the  dike  near  the  contact.    These  areas  are 
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small,  aad  ia  all  cases  are  composed  of  a  radiating  viriditic  miaeral 
Laving  the  geueral  characters  of  taornbleDde  and  in  every  respect  iden- 
tical -with  the  rims  around  the  oliviae  cores  of  the  two  ophitic  dikes  of 
Granite  Falls.  Little  biotite  is  seen.  Pyrite  la  present,  but  not  in 
abandance. 

EXCEPTIONAL  DIKES. 

Besides  the  diabases  described  in  the  foregoing  paragraphs,  there 
were  noted  two  or  three  areas  of  soinewliat  difTerent  rocks.  Althongb 
these  expoaores  are  of  the  diabasic  type,  they  are  so  different  from  the 
normal  dikes  of  the  valley  that  th^  will  be  considered  separately. 

On  the  Bonth  aide  of  the  river,  in  sees.  14  and  15,  T.  112  U.,  E.  34  W., 
there  are  large  masses  of  this  rather  coarse-grained  rook.  A  goeisBio 
stroctnre  is  prononnced.  This  strnctnreis  developed,  not  through  any 
noticeable  parallelism  in  the  position  of  the  constittieat  miner^,  bnt 
by  a  distinct  segregation  of  these  minerals  into  bands  or  laminn  extend- 
ing considerable  distances  tbrongh  the  rock. 

The  field  relations  of  this  belt  of  rocks  are  very  obscnre.  Ko  con- 
tact with  other  rocks  on  either  side  conld  be  seen.  At  the  sar&ce  the 
rock  is  eoiisiderably  decomposed,  and  the  reddish  hae  of  mnch  of  th» 
feldspars  is  imparted  to  it.  The  weathering  prodaces  a  rongh,  uneven 
sarface.  While  some  contortion  is  noticeable,  the  general  strike  of 
these  masses  is  NE.-SW.,  with  a  dip  frequently  as  high  as  80°  S. 
Scattered  thiongb  this  rock  are  inclusions  of  material  more  or  less 
feldspathic  than  the  average.  To  the  naked  eye  the  rocks  seem  to  be 
anasnally  free  Jhirn  accessory  minerals.  Here  and  there  small  nests  of 
pyrite  can  be  seen,  and  occasionally  a  porous  conditiou  near  the  sur- 
face points  to  the  dissolving  and  carrying  away  of  some  mineral  more 
readily  acted  npon  than  most  of  the  constituents. 

While  the  texture  of  this  rock  is  medium,  there  is  a  jieouliar  and 
apparently  secondary  structure  running  through  it,  seen  in  every  expo- 
nre.  This  consists  chiefly  in  the  presence  of  broad,  thin  leaves  of 
the  hornblende.  This  mineral  In  its  formation  seems  to  have  been 
arranged  with  many  of  its  individuals  having  their  axes,  c,  in  a  com- 
mon direction  within  considerable  areas,  1  and  2  inches  across,  thus 
giving  the  impressioD  of  large  individaals.  This  impression  is  intensi-  , 
fied  by  the  reflection  of  the  light  at  the  same  angle  from  a  large  number 
of  small  grains  breaking  and  cleaving  in  the  same  plane.  Their  com- 
posite character  can  be  best  seen  where  the  feldspars  predominate, 
since  color  contrasts  serve  to  bring  out  more  sharply  the  outlines  of 
the  areas.  The  fresh  fracture,  when  studied  with  low  power,  has  a 
decidedly  graualar  appearance,  with  the  grains  alt  presenting  their 
cleavage  planes  at  precisely  the  same  angle.  Between  these  grains  can 
be  detected  the  feldspars,  the  epidote  grains,  and,  in  the  more  weath- 
ered portions,  biotite  folia.  While  the  length  and  breadth  of  these 
segregations  are  considerable,  they  are  very  thin,     L9<c^ljLe4^^f^,^<^% 
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they  are  mere  dark  Hues  throoffh  the  field  of  lif^ht-oolored  oonstitnenta, 
TtaiB  condition  of  itself  would  give  a  lamination  to  the  rock,  did  all  these 
tabular  segregations  lie  io  one  general  direction,  which  is  not  the  case. 

While  these  are  not  porpbyritio  iDdividaals  of  hornblende,  they  seem 
to  have  a  relation  to  the  arrangement  of  the  »ugite  peculiar  to  certain 
eruptive  rocks.  This  arrangement  suggested  to  Pnmpelly,'  as  he 
Btudled  the  melaphyre  of  Lake  Superior,  the  siguiflcant  term  "luster- 
mottling."  This  structure  has  eince  been  observed  in  contemporary 
diabaseti  and  gabbros,  and  in  gneissic  rocks  of  still  greater  age.' 

A  slide  made  Jrom  the  lighter-colored  bands  would  show  probably 
75  per  cent  of  feldspar  and  epidote,  the  chief  alteration  product  of  the 
feldspar,  and  one  from  the  darker  band  an  equal  proportion  of  horu- 
blende.  A  greenish  color  pervades  many  of  the  feldspar  individuals, 
especially  those  of  the  lamina  poor  in  hornblende.  This  is  due,  doubt- 
less, to  the  epidote  present.  lu  places,  too,  the  hornblende  itself  has 
this  pale-green  tone.  Where  there  are  variations  toward  a  veinlike 
character,  the  feldspars  are  red  in  color  and  the  hornblende  exhibits 
welt-formed  crystals. 

The  only  expo.snre  of  these  esceptional  dikes  noted  on  the  north  side 
of  the  river  is  in  the  bottoms  in  sec.  34,  T.  112  N.,  B.33  W.  The  area  is 
small,  lying  beside  a  small  circular  lake  and  not  more  than  16  feet 
above  tiie  surface  of  the  water.  While  the  rock  is  generally  massive, 
it  shows  in  places  a  distinct  lamination,  due  to  the  segregation  of  the 
darker-colored  constituents  into  bands  of  varying  thickness  and  vary- 
ing distances  apart.  lu  other  places  segregations  of  spherical  shape 
occur;  these  are  of  a  lighter  color  and  somewhat  harder  than  the  body 
of  the  rock,  so  that  they  resist  weathering  better  and  thus  stand  oot 
in  knobs.  While  the  mass  is  somewhat  shattered,  it  is  much  less  so 
than  are  the  normal  dikes  of  the  valley. 

The  microscopic  characters  of  the  exposures  are  those  of  very  much 
altered  rocks.  The  feldspars  are  so  far  altere<l  to  kaolin  and  epidote 
that  near  the  edges  of  three  or  four  individuals  only  could  the  extinction 
angle  of  the  labradorite  group  be  made  out.  The  diabasic  structure  is 
seen,  although  in  some  sections  a  greater  breadth  is  noticed  than  in 
the  feldspar  individuals  of  the  ordinary  dikes  of  the  valley.  In  many 
cases  crystal  ontlines  occur,  or  even  perfect  porphyritic  crystals  show- 
ing the  prismatic,  pyramidal,  and  pinacoidal  faces.  In  the  gneisses, 
as  has  been  stated,  there  are  frequently  secondary  feldspars,  doubtless 
resulting  IVom  the  degradation  of  the  primary  ones.  Here,  however, 
the  secondary  minerals  are  in  no  observed  instances  feldspars.  As  a 
rule  the  borders  of  the  feldspar  crystals  are  in  a  much  better  state  of 

■  MfllMomaOc  devslopmsn t  of  tlie  copper-beiiring  rockH  of  Lake  Superior,  by  R.  Pumpellj' :  Proc  Am. 
Ac»d.  Aria  Scl.,  Vol.  XUl.  IKTS.  p.  ISO.  Lilholosj  at  the  Ki^wei'nsiran  h.vstem.  by  R.  PumpeDj: 
0«!.  WliconiiD,  Vol.  Ill,  I88U.  p.  »3.  Vrelimtniir;  deaciHptiaa  of  tbe  peridotyMH,  gBbbm.  dUbun, 
EDd  ■ndesyUm  of  UlnnMota,  by  U.  E.  Wadavorth :  Ball.  Q«i>l.  Nat.  Blat.  Surrey  Mluneanta,  Xu.  2, 
lB87.p.  lOT. 

'The  copper. baariDg  rockn  or  Lake  Snperlc 
lgS3.p.n.  Ibiil..p.43.  NotoB  of  a  geologic  ei 
Mliin.  Acad.  Nat.  Sol.  Vol.  III.  Ho.  S,  p.  IS. 
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preservation  than  are  their  centera,  a  foct  of  very  wide  application 
among  the  crystalline  rocks  of  the  Northwest. 

Qnartz  is  reasonably  abundant.  Everywbeie  it  is  a  secondary  min- 
eral, tree  ftvm  inclusions  and  very  limpid.  It  is  in  pegmatitic  forms, 
occapying  interstices  between  the  feldspars,  or  in  grannlar  condition 
it  forms  the  lenticular  fillings  seen  between  the  biotite  folia.  In  the 
first-named  position  it  exhibits  sharply  marked  boundaries,  and  all  the 
difiiBrent  areas  over  a  considerable  surface  lie  in  the  same  crystallo- 
grapbic  position  and  extinguish  together.  Thia  is  illnstrated  in  PL 
XXTI,  B,  from  a  thiu  aeotion  cut  from  specimen  5400.  The  lenticu- 
lar fillings  are  almost  as  frequent  as  the  areas  of  biotite.  They  are 
wedged  in  between  the  foha  and  oftentimes  stretch  them  to  a  con- 
siderable extent.  In  places  other  minerals  serve  as  such  filling,  par- 
ticularly epidote  and  calcite,  but  these  minerals  in  this  sitnation  are 
rare  as  compared  with  qnartz.  While  these  fillings  are  grannlar,  the 
grains  very  generally  extingniah  parallel  with  the  biotite. 

Of  the  basic  constitnenta  in  the  slides  examined,  augite  remains  in 
one  or  two  small  coresonly,  surrounded  by  secondary  hornblende.  Many 
areas  of  this  last-named  mineral  containing  no  angite  show  by  the 
grannlar  and  impure  coudition  of  their  central  portions  that  they  are 
of  secondary  origin,  and  the  evidence  of  scores  of  Hpecimeus  taken 
throughout  the  vidley  points  to  preexisting  augite  or  diallage  individ- 
uals fixtm  which  the  hornblende  was  derived.  In  addition  to  the  larger 
areas  mentioned,  many  small  individuals  of  hornblende  lie  scattered 
about  These  may  arise  firom  the  transfer  of  material  during  the  alter- 
ation of  the  rock. 

Besides  the  hornblende  mentioned  as  an  alteration  product,  chlorite 
is  rather  abundant-  It  occurs  in  clustered  areas  of  radial,  fibrous 
spherules,  which  lie  in  proximity  to  the  hornblende  areas  and  the 
epidote  masses  alike.  Other  areas  are  found  in  the  midst  of  the 
decomposed  feldspar  individuals.  Both  in  its  occurrence  here  and  in 
its  arrangement  in  the  rook,  the  chlorite  seems  to  nnitethis  rock  closely 
to  the  gneissic  rocks  figured  from  Tracy's  place,  only  3  or  4  miles  away 
on  an  air  line.    {PI.  XVH,  A.) 

Epidote  is  an  alteration  product  of  considerable  importance  in  these 
rocks.  It  is  probably  derived  in  large  part  from  the  decomposition  of  the 
feldspars.  These,  as  has  Jnst  been  stated,  belong  chiefly  to  the  labra- 
dorite  type,  thus  containing  aufflcient  lime  for  the  formation  of  the 
epidote  and  the  small  quantity  of  calcite  present.  While  much  of  the 
epidot«  lies  within  and  around  the  ohauged  feldspar  areas  in  a  way 
to  suggest  its  origin  from  that  mineral,  as  maintained  by  Chester  in 
his  description  of  the  Delaware  gabbros,'  and  by  Williams  in  bis 
work  on  the  gabbros  in  the  neighborhood  of  Baltimore,^  that  portion 

■XhssibbrMudMWMiatediockilii  Detsmn.  b;  F.  D.  Cheater t  Bull.  n.  8.  Oeol.  Snrrer  No.St, 
18W,  p.  U. 

■Tha  g»bbras  aid  MweUtcd  baroUends  rook*  ooonirlng  In  the  nelghborluHd  of  Baltlnum.  Md, 
by  Q.  H.  WUIiwD*:  BnU.  U.  S.  Gwd.  Bnirej  No.  28,  ISSS,  pp.  31-33.  l,  ,  ,.,  .,  ,  — ._.-.-  ..^ 

Bull.   157 9  ^ 
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of  the  epidote  Trhich  ocoars  in  largest  indiTidaals  aod  Id  strongest 
color  IB  more  intimately  associated  with  the  homblendo  ia  sitaation 
and  possibly  in  derivation. 

Koaoaiysisof  this  rock  as  awhole,orof  any  of  its  constitaent  miner- 
als, vas  made,  so  that  no  considerations  based  on  its  composition  can  be 
stated.  However,  taking  the  analyses  of  many  samples  firom  the  tables 
in  Dana's  System  of  Mineralogy,'  we  glean  the  following  facts:  Tlie 
average  per  cent  of  caloinm  oxide,  OaO,  in  the  angite  of  metamorphic 
and  eraptive  rocks,  computed  ftttm  the  twenty-three  analyses  given,  is 
nearly  22  per  cent.  The  average  of  seven  analyses  of  hornblende  gave 
dightly  over  13  per  cent  of  calcium  oxide,  which  leaves  an  excess  to 
supply  the  epidote,  after  fnruishing  all  neoessary  for  the  hornblende  iu 
the  change  of  augite  ioto  hornblende,  which  is  assumed.  IN'owhere  are 
the  individuals  of  epidote  of  large  size,  bat  everywhere  they  are  granu- 
lar. Twinning  sbite  were  not  seen.  In  no  other  rock  of  the  valley 
was  BO  largo  a  proportion  of  the  mineral  epidote  observed,  and  in  no 
other  examined  was  the  feldspathio  constituent  so  completely  oblit- 
erated as  in  this,  save,  perhaps,  in  those  gneisses  of  Bedwood  Falls 
and  Birch  Oooley  where  entire  rock  masses  have  been  converted  into 
an  impure  kaolin, 

Galcite  also  occurs  in  this  rock.  Its  characters  are  those  asaally 
seen  in  this  mineral  iu  the  altered  crystaltiue  rocks.  While  sometimes 
it  may  be  a  filling  for  primary  or  secondary  cavities'  in  normal  erup- 
tive rocks  of  even  very  ancient  age,  as  in  the  Eeweenawan  and  asso- 
ciated rocks  of  the  Lake  Superior  region,  in  this  ease  it  plainly  fills 
interstices  between  the  existing  minerals  which  have  been  formed  by 
the  alteration  of  the  original  plagioclases  and  pyroxenes.  It  most 
frequently  occars  aronnd  the  segregated  hornblende,  chlorite,  and 
epidote  areas,  a  circnmstance  which  strongly  suggests  that  the  larg^ 
part  of  it  was  formed  by  the  alteration  of  the  augite.  Soch  a  change 
Pumpelly  noted  among  the  melaphyres  of  Lake  Superior  as  long  ago 
as  1878,'  Occasionally  twinning  stri8>;  appear,  bat  they  are  compara- 
tively rare.    The  mineral,  as  a  rule.  Is  very  finely  granalar. 

O^cite,  as  a  decompositioo  product  iu  these  rocks,  occurs  also  in  the 
midst  of  the  feldspar  areas.  Its  charaoterB  there  are  precisely  those 
named  in  interstitial  situations.  As  a  resalt  of  alteration  this  mineral 
has  been  seen  almost  nowhere  else  in  the  valley  except  in  rocks  of  the 
same  general  character  south  of  the  river.  Its  rarity  confirms  the 
assertion  of  Bosenbnsch,  who  regards  it  as  an  alteration  product  ih)m 
lime  silicates.*    A  few  small  crystals  of  apatite  are  present. 

The  light-colored  spherical  nodules  mentioned  as  included  in  places 
in  this  rock  appear  to  carry  a  much  smaller  proportion  of  hornblende 

>A  Sr'tam  of  Hlnanlogy,  b;  J.  D.  Bulk.  Sth  ed.,  IMB.  pp.  218,  2U. 

•Pnllminwy  dHcrlptlon  of  ;ihs  perldotjteB,  gabbros.  eto..  of  UIddmdU,  b;H.  S.  Wtdiworth; 
Biill.  Oeol.  Sti.  HI«t.  Surrey  UianiwoU,  No.  2.  JSBl.  p.  S2. 

•lfeta»on>*tia  deTelopment  of  Che  oopper-beiriog  rocks  of  Lake  Snparlar,  bylt.  Potnpelty:  Pmo. 
Am.  Aud.  Art*  Sol.,  Vol.  XIII,  p.  268. 

'Uikroakopiuhe  Fbyglognphle  der  Ulnenllun  und  CMteJua,  by  H.  KOMBboKh,  Sd  ed.,  1S»,  Vol. 
I,  p.  404. 
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aod  biotite  tban  the  main  masa  of  the  rock.  The  feldspar  iu  these 
nodnles  is  eonaiderably  fresher  thau  elsewhere,  frequently  shoving  the 
twin  steiation  with  safflcient  olearDeas  for  meaaurement,  and  the  epidote 
is  maoh  more  thickly  scattered  throoghoat  the  masH,  Galcite  is  rery 
infreqnent  in  these  nodnles.    Magnetite  and  pyrite  are  scarcely  seen. 

In  the  Tillage  of  Cottonwood,  T.  113  N.,  R.  40  W.,  the  boring  of  an 
artesian  well  was  attempted  in  1895.  At  a  depth  of  280  feet  granite 
roGke  were  reached.  These  were  penetrated  190  feet.  At  some  point 
within  this  distance  a  band  of  dark-green,  finely  teztnred  rock  was 
bored  throngh.  Onepieoe,  3^  inches  long,  was  bronght  np  by  the  stash 
bucket  (sp.  6768).  Its  snrfoce  has  a  decidedly  greasy  feel,bat  a  rongh 
fracture  is  disclosed  by  breaking.    Its  upeeiflc  gravity  is  2.86. 

HioroflcopicaUy  the  rock  is  an  altered  diabase.  The  two  principal 
oonstitnents,  labradorite  and  aaglte,  still  remain  in  fragmente  snfB- 
ciently  large  and  fresh  for  identification.  The  aagite  has  a  light-brown 
color,  ezlangaisbes  at  an  nuosnally  low  angle,  and  is  largely  altered 
into  chlorite,  hornblende,  and  associated  prodaute.  The  feldspars  are 
labradorites,  with  a  prevailing  low  extinction,  indicating  the  presence 
of  soda,  an  indication  borne  out  by  the  presence  of  a  snassuritie 
mineral  among  the  products  of  alteratioD.  Magnetite  is  plentifal, 
with  its  dearly  defined  crystal  contours. 
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PLATE  XVI. 

Fig.  A.  OraDlt«-gn«iM,  aUook  S)  by!  loohea,  from  the  Ortouvllle  qnarrtes. 

The  light  pink  repreaent*  qaartx  irith  the  coloi  of  anderlying  feld- 
■pel  Men  through  the  traniparetit  gTMiiH;  the  dark  pink  the  second  fold- 
Bpan;  the  blaok  the  few  aoatterlDg  folia  of  bioUte  with,  rarely,  grains  of 
■econdkry  hornblende. 
Fig.  B.  Contort«d  horn  bleu  de-biotite-gneiw,  a  block  Si-  by  1  inohee,  from  the  qnkr~ 
riea  at  Morton. 

The  white  repreaants  the  qnartz  and  a  portion  of  the  feldnpUB;  the  pink 
that  portion  of  the  feldspars  slightly  stained,  and  the  hlook  biotite  and 
hornblende   in   segregations  and   bands,  with   smaller  grains   in  places 
more  erenl;  diatribnted  among  the  qnorte  and  feldspars. 
See  p.  73. 
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PLATE  XVII. 

Fig.  A.  Chloritic  gneUa.     In  the  upper  part  of  the  flgare  the  radial  arrangeraeDt  of 
the  chlorite  ia  seen. 
Speoimen  6206,  alld«  1780,  X  55,  in  ordinary  light. 

The  lowai  pnt  exhibits  Blendnr  vermifoTm  oryBtalliialioos  in  a  fleld  of 
qnartz.     (1)  Chlorite,  (2)  qnartz,  (3)  aphene. 
Speolmeu  S729,  slide  9478,  X  250. 
See  p.  69. 
Fig.  B.  A.  fresh  unaltered  hypentbene-gabbro. 

(I)  Anorthite-labTadorlte  feldspar,  very  fteah ;  (2)  hTpersthene,  aoarcely 
altered;  (3)  small,  aoattering  folia  of  biotite. 
Specimen  5335,  slide  2263,  X  100. 
8m  pp.  91, 96. 
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PLATE  XTni. 

FiK-  J,  Bomblende-liiotlte-graulta-gneiBB.    HoscoviM,  apparently   fiinned  hj   tfae 
alt«r»tioD  of  an  alblto  iaclnsion  in  miorocline. 

(1)  Amicrocline  individual  maoli  larger  than  the  entire  field;  <2}  lui 
alblte  iDolDBion  entirely  anrronnded  by  the  microcline  indlvidnal;  (3) 
niDBOOvlte  within  thtt  albite  and  apparently  derived  frDia  it*  decompcsi- 
tjou;  all  portions  estlngaish  together;  (4)  other  areas  of  mnsoovite; 
(5)  biotite. 

Bpedmen  6338,  slide  2365,  X  53,  la  polarized  light. 

Seep.&4. 
Fig.  B.  Hornblende- biotite-gneiM.     Vermicular  quartz,  within  au  area  of  slbjtic 
feldspar. 

(1)  Plagioolastio  feldspar  of  low  eztinotion;  (2)  oanala  filled  with 
quartz  in  Termieolar  arrangement  within  the  feldspar. 

Specimen  6886,  slide  22S8,  x  260,  in  polarized  light. 

Bee  pp.  51, 07. 
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PLATE  ire. 

Fig.  A.  Hyperath ens-free  gabbro-aohiBt.     Area  of  dlallage  in  wbioh  alteration  to 
hom'blaade  is  begon.    Some  areas  of  bom1j]ende  can  be  ssen  with  a  low 
power,  bat  man;  more  can  be  Mcognized  voder  higher  mognifloation, 
while  a  green  color  shows  that  iuoipient  alteration  perradsa  the  entire 
Beld  of  diallage. 
Specimen  5185,  slide  176G,  X  100. 
See  pp.  80, 99. 
Fig.  B.  Horoblende-biotite  granite-gneiBB.    Contact  Eone  between  midocline  and 
oligoolaae  vhete  tbe  boandary  is  not  distinct.    A  flnel;  granular  miueral 
not  easily  identified  lies  between  the  two  recognizable  AldsparH.    That 
eitber  is  secondary  to  tbe  other  does  not  appear. 
Specimen  5330,  dide  21S7,  X  75. 
See  p.  62. 
UO 


by  Google 


b,  Google 


PLATE  XX. 


b,  Google 


PLATE  XX. 

Fig.  A.  PorplifTitio  hombleDde-biotlte-gDeiss.     Radially  arranged  ladiTiduala  of 
blotlM  witbiD  a  qoarti  individual  partiall;  fiUiDgamiDnte  flware. 
BpMimea  5362,  elide  2U2,  X  3S0. 
Bee  p.  53. 
Kig.  B.  Horn b1  ends- biotlte-gnelM.     Ulerocline  occarrlng  in  amall  anbedtal  indlTid- 
uaiB  within  a  field  of  ortboclaBe.    All  the  miorocline  areas  eitinguisb 
together,  bat  in  this  cue  not  Id  the  same  direction  aa  the  orthoolase. 
Speclmeii  5315,  Blide  2264,  x  160. 
See  pp.  62, 63. 
Fig.  C.  Hyperathene-ftee  gabbro-achlst.      lodivtdaal  of  biotlte  carrying  lenees  of 
qnartz  wedged  in  between  the  biotlte  folia.    The  quartz  is  seoondaiy  and 
nndoabtedly  tbe  biotlte  is  also. 
Specimen  5186,  slide  i432,  x  120. 
See  pp.  51,  SO. 
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PLATE   XXI. 

Pig.  A.  HjrpeTsUiene-gabbro.    There  bae  reBolted  a  partial  alteration  nf  th«  pyroi- 
eule  ooDStitaenta  into  brown  bomblende. 

(1)  Hypenthene,  tolerablr  &eeh  in  the  oentera  of  the  fragments  into 
wblch  it  has  been  fraotnred.;  (2)  hornblende,  apparently  resulting  from 
thedeoompoeition  of  the  hyperathene:  it  appears  also  as  a  filling  in  all  the 
ftaotnres  within  the  hypenthene  individuals;  (3)  labradorite;  (4)  angite. 

Speoimen  G2T8,  slide  3257,  X  48. 

See  pp.  66, 91. 
Fig.  B.  Qabbro-diorlte.    Tbe  pyroienio  oonstitaenta  are  oompletolf  altered  to  green 
liomVlende. 

(1)  Hornblende,  derired  andonbtedly  Btom  the  decomposition  of  pyrox- 
enie  conetitnents;  (2}feldsparof  theaDortUte-labradoritetype;  (3)smaU 
grains  of  magnetite. 

Speoimen  M18,  slide  4443,  ellghUy  magnlUed. 

See  pp.  91, 107. 
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PLATE  XXII. 
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PLATE  XX  ir. 

Fig.  A,  A  gabbro  in  which  the  monocliiiic  pyrosenes  hav«  been  iJnioat  sntirAly 
altered  to  a  grannlar  hornblende -biotito  and  qnartz. 

(1)  Aaortblte-Ubradorite  feldspar;  (2)  remains  of  pyToienio  cores;  (3) 
hornblende  of  the  nralitio  type;  (4)  biotite  arranged  in  more  or  less  radi- 
ating folia;  (6)  grains  of  secondary  quartz. 

SpecimsD  62T9,  slide  21i4,  X  100. 

See  p.  106. 
Fig.  B.  Gametiferons  gabbro  in  typical  deTelopment  at  the  "gold  mine"  Juat  south 
of  Granite  Falls. 

This  gabbro  is  in  Educational  Series  of  Rock  Specimens,  United  SUtes 
Geological  Survey,  No.  109. 

(1)  Anorthite-labradorite  feldB|>ar;  (2)  secondary  qnartz;  (3)  diallage; 
(4)  garnets;  (S)  magnetite. 

Specimen  5421,  slide  4444,  x  2S. 

See  pp.  99,  lOS. 
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PLATE  XXIII. 
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PLATE  Xllir. 

Fig  J.  Altered  li7p«ntlieii«-beftring  gabbro-achiit.  A  clnatM  of  miaote  TeJns, 
chiefly  of  hornblende,  ooonpylng  iDtergranDlar  spanee  between  the  indi- 
TidDBla  of  plagioclaatio  fiildspftr,  and  eren  filling  the  spaoea  of  frsctnrea 
pushed  oi>eD.    Vein  eontenta  v«rf  finely  grannlar. 

Specimen  5399,  elide  3389,  X  ISO. 

Seep.  86. 
Hg.  B.  Hjpenthene-lree  gabbro-BohiBt.     Dlallage  deTeloped  locally  in  large  indl- 
TidnaU   containing  within  them  the  other  mineral  oonatltnenta  of  the 
rook.    Alt  example  of  paikilitio  texture. 

Specimen  6199,  elide  ITTG,  X  76. 

See  p.  98. 
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PLATE  XXrV. 

F<g.   A.  Poipbyritio    g^bbro-oohlst.     Hand    Bpecimen.     Tbe   nsnal  oonatitnenta, 
labradorite-onorthlto,   bomblende,   anftite,  diallaga,   bypentbene,  witb 
ttoc«woTiM,  lie  in  the  gronndinaw,  wltbin  -whlob  are  developed  tbe  large 
and  well-defined  anortbite  erystale. 
Specimen  5438,  natnral  size. 
See  pp.  87-89. 
Fig.  B.  Forpbyritia  dioiite.    Freeh  tnunparent  labradorlte  graina,  in  which  are 
■een  broken  apatite  oryetala  m  displaced  tbat  tbe  fragmente  are  sbored 
nntU  tbey  overlap  one  anotber. 
Speoimen  H41,  elide  M70,  x  260. 
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PLATE  XXV. 

Fig.  A.  A  tjpioal  diabBse  of  the  Minnesota  RiTer  Valley  of  the  Dormal  frftnitio 
Btmctnre. 

(1)  Angite,  with  th«  borders  altered  into  flnelj  gnuinUr  honkbleode; 
(2)  hornblende,  in  the  upper  left-hand  ooroer  the  angite  has  completely 
altered  into  auch  hornblende;  (3)  broad  and  polysynthetiaBlly  twinned 
labrodorite-anoTthite  feldspars;  (4)  magnetite. 

Specimen  6303,  slide  4440,  X  53. 

See  p.  126. 
Fig.  /{.  Typical  opbitio  diabase. 

(1)  Angite  extingaishing  simoltaneonBly  throngbont  the  entire  field; 
(2)  Jabradorite-anorlbite  of  the  lathlike  type,  often  inolnded  within  tbe 
matrix  of  the  aaglte ;  (3)  magnetite. 

Speoimsn  0286,  slide  2241,  X  70. 

Sea  p.  123. 
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PLATE  XXVI. 

Pig,  A.  ContaDt  of  finely  gnumlar  diabase  dike  and  hjperithene-free  gabbro.  The 
dike  i»  of  considerable  width  and  of  medium  textare  away  ttom  its  con- 
tact zonei,  while  Dear  the  contact  it  is  porphyritio  with  labmdorite-feld- 
apar  lodiTJdnalB.  Among  the  contact  mlDeralB  ooonr  many  clear  minnte 
grains  of  qnartz. 

Specimen  5291,  elide  862,  x  120. 

Seepp.117, 12S. 
Fig.  S.  Areaa  of  aeoondarj  qnartz  eitingaiahing  slionltaDeoiuly  within  a  corroded 
feldspar.    The  original  ideotity  of  the  feldapar  la  obliterated.    The  quartz 
is  very  transparent  and  f^ee  ttom  inclaalona. 

Specimen  MOO,  alide  2477,  x  ISO. 

See  pp.  61, 123, 130. 
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PLATE  XXVn. 

Fig.  A.  Peridotito,  tat. akzonito,  sbowiog  eoatfttlte  and  olivine,  with  the  alteration 
ptodncta  ehiafl^  from  oliviDe. 

The  light-  broira  t>ortion  (1)  ie  a  single  indlTldsal  of  euitatite,  in  which 
the  arrow  marks  the  position  of  extinction.  The  enstatite  individnal  is 
considerablf  shattered,  and  the  fractures  diverge  as  tboagb  they  resulted 
from  the  hydration  of  the  partially  altered  olivine.  Bach  fracturing  seen 
In  certain  forellenBteins  (trootolitfis)  is  attrihnted  to  that  cause.  The 
tingle  olivine  individual  (2)  shown  in  the  aentnl  portion  of  the  figure  is 
at  least  one-half  altered  Into  eerpentine  and  magnetite.  The  alteration 
has  proceeded  tram  the  fractures,  and  the  largest  olivine  areaa  ooonr  where 
these  fraotares  were  least  frequent.  The  serpentine  (3)  U«a  in  atarings  and 
bands  hetween  the  fresh  olivine  remnants. 

Specimen  5316,  slide  1786,  X  180. 

See  p.  112. 
Fig.  B.  Serpentine  derived  from  the  alteration  of  saxouite.    A  portion  of  the  serpen- 
tine has  been   ftirtber  replaced  b;  qnartis.     Seo.  9,  T.  112  "S.,  B.  94  W. 

Specimen  5216,  aUde  3321,  X  180. 

See  p.  114. 
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THE  MORAINES  OF  SOUTHEASTERN  SOUTH  DAKOTA 
AND  THEIR  ATTENDANT  DEPOSITS. 

By  J.  E.  Todd 


OHAPTEE  I. 
INTRODUCTION. 
HISTORY   OF   WORK. 

At  tbe  reorgaoization  of  the  United  States  Geological  Survey  in 
1881.  the  antfaor,  under  the  directloD  of  Prof.  T.  G.  Ohamberlin,  geolo 
gist  in  charge  of  the  glacial  diTision,  was  instructed  to  explore  the 
Dakota  loop  of  the  great  moraine.  At  that  time  very  little  was  known 
of  the  distribntion  of  drift  in  Dakota.  Aside  irom  certain  theoretical 
considerations  which  had  been  espresaed  by  Professor  Chamberlin  and 
Mr.  Warren  Upbam.  little  had  been  presented  upon  the  subject.  A  few 
topographical  notes  by  [Nicollet  in  1842,  and  a  more  direct  treatment  of 
the  subject  from  wide  but  incomplete  observation,  presented  by  Gen. 
G.  K.  Warren  in  1868  before  the  Chicago  meeting  of  the  American 
Association  for  the  AdTancement  of  Science,  were  the  more  important 
statements  of  observation.  The  latter  distinctly  makes  the  limit  of 
glacial  action  to  coincide  with  the  Missoari  River  from  the  forty-eighth 
to  the  forty-third  parallel.  Dr.  F.  V.  Hayden  also,  in  the  American 
JoamtJ  of  Science  for  January,  1867,  published  a  very  interesting 
account  of  a  trip  taken  by  him  to  Bockport,  Dakota,  and  Pipestone, 
Minnesota,  in  the  previous  October,  His  notes  refer  mainly  to  the 
older  formations,  but  incidentally  he  records  features  of  the  drift. 

After  an  examination  of  the  field  during  the  summers  of  1881, 1882, 
and  1883  it  was  considered  better  to  delay  a  report  upon  the  whole 
region,  and  to  present  a  preliminary  report  in  the  form  of  a  bulletin 
upon  a  limited  portion,  l^e  portion  chosen,  and  to  which  this  bulletin 
relates,  was  thought  to  bear  most  directly  upon  certain  important  qnes- 
tions  and  to  be  likely  to  furnish  the  most  important  results ;  moreover, 
it  vas  the  most  accessible  portion,  because  more  generally  occupied  by 
settlers.  '-"■' '-'  "■■  — ~-'"'(S'~- 
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14  MORAINES   OF    SOUTHEABTEBN   SOUTH   DAKOTA.        [bullIM. 

LIMITS   OF   REGION. 

The  limits  chosen  in  the  regalar  course  of  the  moraine — the  axial 
limits — are  Turtle  Point  in  Jerauld  County,  and  a  corresponding  point 
in  the  nort'hvestem  part  of  Lake  County.  For  convenience  in  refer- 
ence ve  vill  name  the  latter  Vermilion  Point.  Tortle  Point  is  a  con- 
spicnouB  landmark,  which  forma  a  natural  point  of  division  on  the  west 
side  of  the  loop,  while  Vermilion  Point  ia  on  the  east  side  of  the  loop 
in  about  the  same  latitude,  and,  althoagh  it  is  not  so  prominent  a  point 
of  divinon,  it  is  the  most  mturked  point  near  the  northern  limit  of  the 
writei^  aoqaaintance  with  the  moraine  upon  the  east  side.  Tortle 
Point  ie  apon  the  eastern  edge  of  what  ia  commonly  known  as  the 
Ooteau  du  Missouri,  a  region  between  the  Jamea  and  llissonri  rivers 
spoken  of  by  the  early  French  explorers  as  the  Plateaa  da  Ooteau  dn 
Missouri.  The  term  "  plateaa,"  however,  is  a  misnomer,  for  instead  of 
a  oontinaons  plateaa,  it  ia  merely  the  skeleton  of  one.  The  peripheral 
limits  are,  briefly,  as  follows:  On  thenortb,  theparaltelof  TurtlePoint, 
which  is  arbitrarily  taken.  On  the  other  sides  the  limit  theoretically 
coincides  with  that  of  the  extreme  dispersion  of  erratics  from  the  por- 
tion of  the  moraine  under  consideration.  On  the  west  this  boundary 
is  most  definite  and  is  near ;  on  the  east  it  is  confused  with  that  of  the 
Iowa  lobe;  on  the  south  the  theoretical  limit  is  so  remote  that  we  shall 
need  to  fix  an  arbitrary  limit,  which  we  will  take  as  not  more  than  100 
miles  i^m  the  moraine.  A  map  of  the  region  under  oonsidwatlon  is 
shown  on  PI.  I. 

Some  of  the  advantages  which  may  be  derived  from  a  careihl  pres- 
entation of  this  portion  of  the  moraine  are  the  following: 

First.  It  gives  opportunity  to  present  in  a  natural  and  consecntive 
manner  several  typical  features  of  drift  deposits,  moraines,  berg  drift, 
drainage  oatlete,  gravel  terraces,  oaars,  etc. 

Recond.  It  ftimiahes  important  data  upon  several  of  the  open  ques- 
tions connected  with  certain  Pleistocene  problems,  viz:  The  origin  of 
loess,  the  distribution  of  glacial  and  glacio-natant  deposits,  oscillations 
of  the  earth's  crust  in  the  post-Pliooene,  besides  several  minor  questions 
connected  with  the  physics  and  history  of  the  glaciers. 

Third.  It  fonns  a  convenient  introdaction  to  the  larger  subject  which 
it  was  first  proposed  to  present. 

SKETCH  OP  OLDER  FORMATIONS. 

Though  our  work  pertains  especially  to  the  recent  deposits  formed 
daring  the  Pleistocene  period,  a  brief  consideration  of  older  deposits 
seems  important,  for  the  underlying  rocks  have  infiuenced  in  several 
ways  the  distribntion  of  the  drifL 

The  older  formations  belong  to  widely  separated  epochs.  So  far  as  is 
yet  known,  the  region  under  consideration  exhibits  only  strata  belong- 
ing to  the  Algonkian  and  the  Oretaceoas,  with  scattered  fragments  of 
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Tertiaiy  deposits.  The  Algonkian — or,  as  it  has  been  considered  by 
Prof.  IS.  H.  Wlnchell,  the  lower  Cambrian — is  represented  only  by  the 
red  qnartzite,  which  is  cwnspicnoasly  exposed  along  the  Big  Sioox,  and 
was  named  several  years  since  by  Br.  C.  A.  White  the  Sioox  qnartzite. 
Theexposares  in  this  region  appear  to  be  portions  of  an  irregular  syn- 
eline,  extending  from  soathwestem  Minnesota  to  the  James  fiiver.  An 
enameration  of  localities  will  be  found  oa  another  page  (p.  122).  The 
strata  have  nsaally  bnt  slight  dip,  rarely  more  than  6°.  Bipple  mturks  are 
frequent,  but  no  foBsila,  except  a  few  of  donbtfol  character,  have  yet  been 
fimnd.'  The  root  bears  evidence  of  ebb-uid-dow  stmctiire.  Oblique 
stratification,  inclining  in  different  directions,  aboonds  in  some  strata. 
Thin  seams  of  metamorphosed  clay  occur  occasionally,  the  more  notable 
being  the  " pipest^iie,"  at  Pipestone,  Minnesota.  The  lower  stratnm 
exposed  on  Wolf  Greek  is  a  bed  of  unconsolidated  sand,  evidently  once 
consolidated  but  now  decomposed. 

The  Cretaoeoos  rocks  all  belong  to  the  Dakota  group  aud  to  the 
three  membera  separated  by  Eaydea,  bat  combined  by  King  into  the 
Colorado  group. 

The  first,  the  Dakota  sandstone,  is  exposed  along  the  James  Biver 
and  its  tributaries  in  Hutchinson,  Hanson,  and  Davison  counties  and 
along  the  Missouri  below  Ponca,  Nebraska. 

The  Benton  group,  comprising  dark  pyritiferons  clays,  is  certainly 
found  exposed  only  along  the  blaffs  of  the  Missouri,  from  near  the 
mouth  of  the  James  Biver  to  the  vicinity  of  the  Big  Sioux.*  Slight 
exposures  near  Milford,  Ifebraaka,  and  Bockport,  Dakote,  also  possi- 
bly belong  to  this  group. 

The  yiobrara  of  Hayden,  the  chalkstone,  forms  a  more  conspicuoos 
and  important  deposit,  which  extends  very  widely  under  the  drift.  It 
is  exposed  along  the  Missouri  from  Obamberlaia  to  St.  Helena;  tilong 
the  James  and  its  tributaries  in  Hanson  and  Davisou  counties;  at  sev- 
eral looaUdes  along  Olay  and  Tork^  creeks;  npon  Beaver  Greek,  near 
Canton;  on  the  Split  Bock,  north  of  Brandon;  along  the  Big  Sioux,  at 
Akron  and  below,  comprising  the  Inoceramus  beds  of  White,  and  along 
Brule  Creek,  iu  Union  County. 

The  Pierre  group,  consisting  of  clays  of  different  colors  and  qual- 
ities, probably  occupies  fonr-flfths  of  the  surface  underneath  the  ^ift. 
It  is  exposed  along  the  Missoori  from  near  the  mouth  of  the  Niobrara  to 
the  northern  limits  ot  the  region.  It  is  this  formation  which  is  struck 
iu  wells  which  pas^  through  the  drift  in  all  localities  in  the  Dakotas  east 
of  the  Missouri,  except  those  that  have  been  already  indicated. 

The  Tertiary  rocks  are  represented  by  the  greeuieh  quartzite — well 
shown  at  the  Bijou  Hills — and  various  beds  of  sand,  gravel,  and  clay 
that  are  associated  with  it.  Theee  are  ascribed  to  the  Loup  Biver 
group  by  Dr.  Hayden,  and  no  reason  for  qnestioning  the  determination 

a.  Kept.  G«i>L  Si.%.  BUt  Sorrey  UlDHMOta,  1884. 


16  M0EA1NE8  OF   BOUTBEASTEEN  SOUTH  DAKOTA        Oou-isa. 

has  come  to  the  writer'B  knowledge. '  Diatinct  fosBils  were  not  noticed 
by  him  in  it,  tliongh  pieces  of  petrified  wood  and  of  mammalian 
bones  hare  been  noticed  npon  it,  wliich  may  have  been  derived  from 
it.  It  contains  greenish  pebbles  of  pitchstone  at  many  points.  Id 
northeaatem  Kebrasba  the  Leap  Biver  Tertiary  is  represented  by  OTer 
80  feet  of  sands,  marls,  and  clays  containing  petrified  sbelU  and  bones 
of  animals.  Fiom  similarly  situated  beds  north  of  Sioax  Gity  t«eth  of 
Hquus  major  have  been  reported  by  Mr.  Bain,  who  referred  the  beds 
to  the  Pleistocene.' 

The  Oretaceons  clays  have  contribated  largely  to  the  mass  of  the 
till.  The  Tertiary  rocks  have  been  infinential  in  the  formation  of  bnttes 
which  have  had  an  important  limiting  and  directing  inflaenoe  apon  the 
ice  sheet.  The  Archean  rocks  have  been  less  influential,  not  having^ 
been  prominent  enough  to  limit  or  deflect  the  ice,  nor  sufficiently 
yielding  to  contribute  material  of  much  volume.  In  a  few  cases,  ae  at 
Bockport  and  near  Alexandria,  they  seem  tQ  have  exercised  consider- 
able directing  power  upon  the  lower  portion  of  the  ice. 

ELEVATIONS. 

The  elevations  which  form  an  important  portion  of  this  paper  were 
mostly  taken  with  an  aneroid  barometer.  A  few  are  derived  directly 
from  railroad  profiles.  The  more  important  elevations  have  beeu  taken 
either  several  times  or  on  days  when  the  barometer  showed  little 
fluctuation.  In  general  their  accuracy  corresponds  to  their  distance 
from  important  streams  or  irom  railroads.  A  few  are  taken  from  the 
topographic  surveys  of  the  United  States  Geological  Survey.  At  the 
beginning  of  our  work  the  number  of  railroad  elevations  in  the  region 
under  consideration  was  qoite  small,  on  account  of  its  recent  settle- 
ment. But  the  rapid  railroad  building  of  the  last  few  years  has  beeu 
fftvorable  to  the  work,  both  by  fhmiufaing  exposures  and  in  affording 
fk«sh  and  accurate  information  concerning  elevations.  The  accnracy 
of  the  survey  has  been  materially  aided  through  the  generous  response 
on  the  part  of  railroad  engineers  to  requests  for  profiles.  In  the 
^pendix  several  of  these  are  published  for  the  first  time. 
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CHAPTER  II. 

FIBST  (OUTER)  OR  AITAMONT  MORAIKE. 

This  is  first  preeented  becanse  it  famishes  a  coDvenieat  line  of  refer- 
ence in  the  fhrther  treatment  of  the  area  ander  consideratioa.  It  is 
also  the  best  defined  and  most  constant  feature. 

COURSE   OP   THE   MORAINE. 

The  accompanying  map,  PI.  I,  with  a  brief  explanation,  will  give  a 
comprehensive  view  of  the  direction  and  diviaiona  of  the  moraine. 

Beginning  at  Turtle  Point,  in  Jeranld  Oonnty,  the  head  of  a  promi- 
nent interlobnlar  portion,  the  moraine  extenda  in  a  south  and  soath- 
west  direction  past  the  Byon  Hills,  nearly  to  the  junction  of  Pratt 
Creek  with  the  Miaaoori,  where  there  ia  a  gap  a  few  nules  in  breadth. 
The  more  notable  variation  from  a  direct  course  is  a  small  loop  pushed 
westward  toward  Bed  Laka 

East  of  Pratt  Creek  the  moraine  appears  again  in  the  Cedar  Greek 
Hills,  which,  lying  on  both  sides  of  Cedar  Creek,  form  a  high  V-shaped 
reentrant  angle,  pointing  northeast.  From  the  eastern  end  of  the  V 
the  moraine  extends  in  a  general  southeasterly  direction,  nearly  to  the 
junction  of  Wet  Ghoteau  and  Dry  Choteaa  creeks,  where  it  crosses 
the  former,  tarns  sharply  northward,  and  forma  a  long  interlobular 
portion  around  the  latter  stream,  being  known  as  the  Choteau  Creek 
Hills.  Below  the  junction  of  the  Gboteans  the  moraine  lies  along  the 
west  bank  of  the  stream  nearly  to  its  mouth,  where  it  crosses  and  con- 
tinues close  along  the  hlufis  of  the  Missouri  to  a  point  opposite  the 
month  of  the  Niobrara,  where  it  develops  a  slight  reentrant  angle. 

From  this  point  no  trace  of  it  is  found  on  either  side  of  the  Missouri 
until  we  pass  below  Bonhomme.  A  little  east  of  that  place,  on  the 
north  side  of  the  Missouri,  it  appears  again,  and,  after  forming  a  long 
and  much-eroded  loop  to  the  east,  reaches  Lesterville,  where,  after 
forming  a  much  smaller  similar  loop,  it  takes  a  southeasterly  direction. 
About  6  miles  east  of  Yankton  it  swings  more  to  the  east,  crosses  the 
James  Kiver,  and  continues  to  a  broad  gap  through  which  Clay  Creek 
passes.  Bast  of  the  Clay  Creek  Cap  it  reappears  along  the  east  bank 
of  that  stream  and  runs  north  and  northwest  to  the  vicinity  of  Childs- 
town,  where  it  again  doables  upon  itself  and  takes  a  qnlte  direct  course 
southeast  to  Spirit  Mound,  6  miles  north  of  Vermilion,  forming  Turkey 
Eidge. 

East  of  Spirit  Mound  no  trace  of  it  is  found  until  Brule  Creek  is 
reached,  10  miles  east.    There  it  reappears,  running  north  ward  to  Beres- 
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ford,  and  thence  noitii'aortheaat  to  the  vicinity  of  Oanton.  From  that 
place  tQ  tlie  vicinity  of  Sionx  Falls  it  seems  not  to  have  been  formed, 
except  at  three  or  four  isolated  points.  Aboat  5  miles  east-sontheast 
of  Sionx  Falls  it  reappears  on  the  west  bank  of  the  Big  Bionx,  and 
onrres  aronnd  the  b^d  of  the  Big  Sioax  at  Sionx  Falls,  and  thence 
vest  and  northweBt  to  the  vlciuiiy  of  Montrose.  From  there  it  lies 
along  the  east  side  of  the  East  Vermilion  Biver  to  Vermilion  Point, 
abont  12  miles  northwest  of  Madison.  There  it  forms  a  reentrant  angle 
by  turning  sharply  to  the  east. 

The  map  represents  also  the  coarse  of  the  moraine  for  some  distance 
outside  the  limits  chosen. 

FROM  TTJBTLB  POmT  TO   PBATT   CBERK. 

We  have  found  it  oonveuient  to  begin  at  the  prominent  headland 
in  Jeranld  County  known  as  Turtle  Point.    A  view  of  this  ftom  the 


northwest  is  given  In  fig.  1.  This  forms  the  northern  end  of  a  high, 
even-topped  lidge  which  extends  from  sec.  36,  T.  108,  R.  65,  to  the 
southern  portion  of  T.  106,  B.  65,  a  distance  of  12  miles. 

The  point  derivee  its  name  from  the  unique  figure  of  a  turtle,  1  rod  in 
length,  formed  upon  a  mound  capping  the  summit  of  the  point.  This 
figure  is  formed  of  smfdl  bowlders  placed  at  short  intervals  so  as  to 
describe  the  outline  of  a  tnrtle.  The  range  extending  south  we  shall 
call  Turtle  Bidge  (PL  II).  Its  height  above  the  plain  to  the  east  is 
nearly  500  feet.  Its  eastern  face  is  quite  abrupt,  and  along  its  northern 
portion  is  much  marked  by  gulches,  which  arise  from  springs  issuing 
&om  beneath  the  drift.  One  of  them  is  known  as  Wessington  Spring, 
which  poors  forth  a  oopions  supply  of  slightly  sulphurous  water. 

These  golches  seem  very  subject  to  landslides,  which  have  repeat- 
edly changed  the  location  of  the  springs.  This  tendency  to  slide  is 
probably  the  effect  of  water  softening  the  clays  below.     Some  of 
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tbeae  springs  are  eoDiiected  wftb  long,  troo^-like  iidg«R.  One.jJ 
particular,  ronning  east  from  an  tild  exit  of  tlie  WnnninyTmi  S|wiiif^ 
is  extraordinarflf  larg^  It  extandfl  eastward  from  the  Caoe  of  th^ 
ridge,  1^  to  2  milee,  with  a  hei^t  midway  of  from  50  to  75  feet  aboif 
tlie  adjacent  alopei.  i 

The  western  side  of  the  Tortle  Bidge  subsides  wiih  a  gentle  slope  » 
a  broad,  oodalatiiis  plain,  aroond  the  heads  of  Smith  and  Crow  creeU 


Fro.  1 U>p  of  Tnnle  Rldga  mud 


This  plain  1b  cousiderably  eroded  near  these  streams.  The  top  of  Tur- 
tle Ridge  is  in  several  places  rongh  and  very  stony,  exbibitiug  the 
characters  of  a  typical  moraine.  This  is  especially  true  toward  its 
western  side  at  the  north  end,  and  along  the  eastern  side  farther  nonth. 
Among  these  koobs  are  freqnent  basins,  some  of  them  conbtining  water. 
A  very  remarkable  future  in  this  ridge  is  a  long,  deep,  narrow  val- 
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ley,  with  abrapt  sidee,  extending  from  near  the  north  end  through  the 
center  of  the  ridge  6  or  7  miles  toward  the  eoath.  It  thNi  tarns  abihiptly 
to  the  sonthweBt  and  flows  into  Grow  Lake.  Tribntary  valleya  begin- 
ning at  the  face  of  the  hills,  on  either  side,  ftirm  vith  this  eentral  val- 
ley a  complete  drainage  system.  In  the  main  channel  are  a  few  isolated 
domes  25  or  30  feet  in  height,  apparently  composed  of  gravel  and 
bowlders.  At  different  places  in  the  channel  are  basins  containing 
water  which  form  considerable  lakes,  and  are  not  improbably  the 
sources  of  supply  for  the  springs  before  mentioned.  Muskrat  Lake  is 
possibly  the  principal  supply  of  the  Wessington  Spring.  Some  of  the 
ancient  water  channels  have  recently  been  eroded  by  water  flowing 
eastward,  either  upon  the  surfam  or  by  springs  catting  backward  into 
the  hills.     A  conspicuous  example  is  represented  in  Fl.  Ill, 

The  general  arrangement  of  the  drainage  system  is  shown  in  the 
accompanying  map,  flg.  2. 

An  interesting  question  which  may  be  conveniently  disoossed  at  this 
point  is:  How  much  of  these  high  portions  of  the  moraine  is  dae 
to  glacial  action  and  how  much  to  pre-Olacial  topographyf    Turtle 
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Bidge  aflFords  several  featares  which  indicate  that  the  glacial  action 
has  been  the  least  efficient  of  the  two — in  other  words,  that  the  position 
and  the  greater  portion  of  the  mass  bsq  due  to  erosion  antedating  the 
glacier.  As  will  be  Keen  from  the  accompanying  section  fig.  3,  there 
are  exposures  of  sandstone  in  the  east  front  of  the  hills  in  sec.  12,  T. 
107,  B.  66.  This  sandstone  is  evidently  similar  to  that  capping  the 
Bijoo  Hills  and  the  battes  farther  west.  The  deposit  is  not  consoli- 
dated into  a  qoartzite,  as  is  usual  in  such  localities,  bnt  shows  similar 
stmctnre  even  to  the  occasional  occnrrence  of  beds  of  grit  between  the 
finer  layers. 

Below  the  beds  of  sandstone  are  lead-colored  clays,  occasionally 
exposed  in  the  deepest  portions  of  the  gulches.  A  more  striking 
evidence  of  their  existence  is  seen  in  the  numerous  landslides  which 
have  occnrred  near  the  various  springs.  The  sulphurous  ingredients 
of  the  waters  are  probably  traceable  also  to  the  pyrites  in  the  clays. 
Along  the  east  foot  of  the  ridge  the  drift  is  thin,  and  wells  fteqnently 
reach  the  Cretaceons  clay  15  to  20  feet  below  the  surface. 
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Another  evidence  of  the  infloenoe  of  pre-GUicial  topography  is  seen 
in  the  conflgnratton  of  the  country  north  of  Turtle  Bidge.  Extending 
northwest  is  the  edge  of  a  terrace,  quite  distinctly  marked,  abont,250 
feet  above  the  level  of  the  plain  on  the  east.  This  terrace  is  covered 
with  drift,  and  its  edge  is  seamed  with  gulches,  which  are  £aint  imita- 
tions of  those  in  Turtle  Bidge.  It  also  abounds  in  bowlders,  some  of 
considerable  size.  A  ready  explanation  of  this  feature  would  be  that 
it  marks  the  former  edge  of  a  great  valley,  more  commonly  known  as 
the  James  Kiver  Valley,  and  that  the  force  of  the  ice  sheet  was 
sufficient  to  override  this  portion  because  of  its  lower  altitude,  while 
Turtle  Bidge  was  able  to  hold  ite  own  against  it. 

Before  proceeding  Autber  we  may  find  illoatrated  in  Turtle  Bidge 
an  interlobular  moraine,  as  defined  by  Professor  Chamberlin.  it 
occupies  the  space  betweraithe  shallower  western  lobe  and  the  main 
body  of  the  great  Dakota  lobe  on  the  east.  The  internal  drainage 
'system  already  described  was  evidently  oooapied  by  saperglacial 
Btreanu  which  entered  it  firom  either  lobe  and  drained  through  Crow- 
Lake  into  the  present  valley  of  Smith  Greek.  That  these  streams 
were  of  considerable  size  ia  indicated  by  the  fact  that  the  breadth  of 
some  of  the  outlets  upon  the  face  of  the  moraine  is  &om  150  to  200 
yards.  These  valleys  are  flat  bottomed,  90  to  100  feet  in  depth  in  the 
deepest  portions.  The  gravel  mounds  before  mentioned  were  possibly 
formed  by  eddies  in  the  stream.  A  similar  internal  drainage  is  found 
in  the  Bee  Hills,  Bald  Mountains,  and  other  interlobular  moraines. 
Mnskrat  Lake  is  apparently  formed  by  the  partial  filling  of  tfae  prin- 
cipal channel  by  material  brought  in  by  the  main  western  brauoh. 

Among  the  bowlders  found  scattered  in  the  Turtle  Bidge  two  very 
large  limestone  bowlders  were  noted  on  the  east  brow  of  the  hills,  one 
9  by  7  by  2  feet,  the  other  20  by  9  by  2  feet.  There  are  no  bowlders  of 
red  qnartzite,  nor  of  local  Tertiary  qnartzite  and  sandstones.  Ordinary 
granite  and  greenstone  bowlders  abound. 

Extending  southward  from  near  the  middle  of  the  east  aide  of  Turtle 
Bidge  is  a  low  morainic  ridge,  leaving  it  at  a  very  small  angle,  and 
running  3  or  4  miles  farther  south,  and  subsiding  gradually  to  the  level 
of  the  eastern  plain  in  the  northern  part  of  T.  lOS,  B.  66,  Between 
this  and  the  principal  range  is  a  shallow  valley  occupied  by  the  head- 
waters of  the  west  branch  of  the  Firestael.  This  subordinate  ridge 
is  very  stony.  Whether  the  explanation  of  its  existence  may  be 
similar  to  that  of  the  terrace  north  of  Turtie  Bidge  is  uncertain.  It 
seems  not  unlikely  that  it  is  a  portion  of  a  faint  minor  moraine  found 
between  the  first  moraine  and  the  second,  or  it  may  be  a  snbglacial 
moraine  dne  to  some  uuevenness  in  the  floor  over  which  the  ice  was 
moving.'  Extending  from  a  point  sbont  a  mile  south  of  Crow  Lake  to 
a  point  3  or  4  miles  west  of  White  Lake,  iu  a  nearly  direct  line,  is  the 
axis  of  another  high  and  massive  ridge,  which  we  will  call  the  south. 

'  Cf.  Dai*,  Am.  Jopr.  8*1.,  8d  wrlea.  Vol.  XXVUI,  p.  IM 
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vest  WesaiDgtoDS.  Its  eastern  face,  like  that  of  Turtle  Bidgfe,  is  steep 
foi  aboQt  two-thirds  of  its  height,  then  descends  by  gentle  slope  to 
the  plain  southeast.  This  range  is  highest  in  the  middle,  where  it  has 
an  elsTation  of  about  300  feet,  in  the  vicinitr  of  Ishams  Lahe.  Its 
western  slope  is  not  more  than  half  as  steep  as  its  eastern,  and  declines 
gradnallf  to  Smith  Creek,  abont  6  miles  northwest,  where  the  stream 
is  over  100  feet  lower  than  White  Lake  in  the  plain  east,  inside  of  the 
moraise,  flg.  11  (p.  37).  While  the  range  is  massive,  its  anmmit  is 
crowned  with  a  few  elosters  of  knobs,  showing  at  a  distance  its  morainio 
character.  Among  these  knobs  are  the  nsual  basins  and  ponds,  the 
largest  of  which  is  Ishams  Lake,  sec.  16,  T.  105,  B.  66.  Between  Tnrtle 
Bidge  and  the  sonthwest  Wessingtons  there  is  a  broad  sag,  the  sommit 
of  its  bottom  being  about  100  fiaet  above  the  plain  southeast  Id  abont 
the  center  of  this  pass  or  sag  is  a  remarkable  system  of  sharp,  stony 
ridges  &om  10  to  30  feet  in  height,  extending  from  near  the  southeast 
comer  of  T.  106,  B,  66,  in  a  curve  corresponding  to  the  lower  portion 
of  the  sag  to  the  southeastern  part  of  Grow  Lake.  The  general  features 
of  the  system  mi^  be  more  SaHy  understood  from  the  accompanying 
map,  fig.  4 ; 


like  ridges  near  Croir  I^ke. 


These  stony  ridges  are  osar-like  and  are  probably  connected  with 
former  drainage  from  the  ice  sheet. 

At  the  southern  end  of  the  southwest  Wessingtons  is  a  similar  bat 
less  marked  pass  through  the  moraine,  by  which  water  probably  escaped 
into  a  valley  connecting  with  the  head  waters  of  Smith  Creek.  From 
this  oatlet  the  moraine  is  less  conspionons,  evidently  not  having  so 
high  a  pre-G-laoial  surfoce  on  which  to  rest.  A  scattered  series  of 
moiainic  hills  may  be  traced  southwest  past  Kimball  to  the  middle  of 
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the  western  side  of  T.  103,  B.  68.  TUb  system  of  hi  lis  la  ftom  2  to  6 
miles  in  breadth,  its  inner  and  oater  limitB  not  being  very  clearly 
defined.  Along  its  cater  limit  west  of  Kimball  is  a  valley  mnning 
aoathvest,  oonnectinff  the  valley  of  American  Creek  with  Bed  Lake 
and  the  Misecori.  The  inner  ranges  of  the  moraine  are  bnt  little  higher 
than  the  sabdaed  swells  of  the  glacial  typography  npon  that  side. 
Abont  4  miles  east  of  Kimball  the  railroad  croases  two  well-de&ned 
valleys,  whioh  head  on  the  inside  of  the  moraine.  They  donbttess  indi 
oate  lines  of  drainage  dating  back  to  the  time  of  the  ice  sheet  One  of 
them  oonoects  with  American  Greek  and  the  other  with  Smith  Creek. 

From  near  the  middle  of  the  west  side  of  T.  103,  B.  68,  these  morainio 
ridges  begin  to  describe  a  semicironlar  onrve  toward  the  northwent, 
the  outer  range  of  which  lies  abont  along  the  east  side  of  Bed  Lake. 
The  principal  ridge  in  the  cnrve  presents  an  abrnpt  and  stony  inner 
slope  and  a  gentle  outer  slope,  with  few  bowlders.     From  the  sontb- 
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em  terminus  of  this  semicircle,  near  the  soutbem  line  of  T.  103,  B.  69, 
the  moraine  seems  still  less  defined,  but  as  it  approaches  the  east  end 
of  the  East  B^ou  it  regains  its  character  of  broad,  stony  ridges  sepa- 
rated by  saga  with  ponds,  the  ridgeB  being  ^om  30  to  40  feet  higher 
than  the  plain  within.  Lying  against  the  eastern  end  of  the  East  Bijon 
is  a  high  north-and-sonth  ridge  over  100  feet  in  height  (fig.  5),  and  appar- 
ently composed  entirely  of  drift.  South  of  the  East  B^ou  the  glacier 
at  some  time  evidently  pushed  farther  west,  perhaps  nearly  to  the  west- 
ern end,  but  such  occupation  was  comi»aratlvely  temporary.  Masses 
of  bowldery  clay  are  found  on  the  highest  sommit  of  the  Bast  B^on, 
toward  the  south  side  and  near  the  southwest  angle  of  the  hill.  South 
of  the  Bijou  Hills  the  moraine  is  again  ill  defined. 

Ou  or  near  the  middle  of  the  western  line  of  T.  100,  B.  69,  is  a  well- 
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defined  nortii-and-soath  ridge  extending  2  or  3  miles.  Its  height  is 
over  100  feet.  Its  northern  end  termiaates  rather  abruptly  amid  a 
cluster  of  ponds  of  considerable  size. 

Extending  inside  of  the  principal  portion  of  the  moraine,  from  near 
the  northwest  comer  of  T,  101,  B.  08,  7  or  8  miles,  in  a  sonth-by-east 
direction,  is  a  remarkable  chain  of  lakes  or  lake  beds  occupying  a  broad, 
shallow  valley.  9oatbwest  of  the  east  end  of  the  East  Bi(joa  ia  another 
clnster  of  lakes,  with  a  v^ley  ooonecfing  them  with  the  head  waters  of 
Snake  Greek.  It  is  probable  that  these  two  systuas  of  lakes  oecapy 
an  old  channel  leading  into  Snake  Creek. 

Northwest,  west,  and  soath  from  the  shorii  ridge  last  described  are 
lower  stony  ridges,  which  are  doabtless  a  pori^ion  of  the  moruoe. 
Besides  these  we  flad  no  trace  of  the  moraine  till  we  reach  the  hills 
aronnd  Oedar  Greek,  which  ocenpy  the  central  portion  of  T.  08,  B.  68. 
The  plain  on  the  Inside  of  the  moraine  is  qaite  even,  extending  sharply 
,  down  to  the  east  bank  of  the  Missouri.  In  it  Pratt  Greek  has  excavated 
a  narrow  valley  about  200  feet  in  depth.  East  of  its  junction  with  the 
Missonri  there  ia  a  high  terrace,  capped  with  an  abundance  of  gravd 
and  bowlderets, 

PBOM  PBATT   aSBBK  TO  BUNinMa  WATKB. 

The  Oedar  Greek  Hills  receive  their  name  itom  a  very  short  stream 
called  Oedar  Greek,  which  is  surrounded  by  them.    They  extend  some- 
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what  in  the  form  of  a  V  with  its  apex  pointing  Dort;heast  and  subsiding 
gradually  into  the  plain  on  or  near  sec.  15,  T.  9S,  B.  68  (fig.  6).  The 
northwestern  arm  of  the  V,  which  is  not  very  prominently  developed, 
extends  for  2  or  3  miles  along  the  northern  side  of  the  stream.  The 
sontheastem  arm  extends  in  an  irregular  maimer  sontbward  along  the 
top  of  the  east  bank  of  the  Missonri,  coDoecting  with  the  hills  north- 
east of  Wheeler.    This  continuation  of  the  moraine  has  been  under- 
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miDed  by  an  east  bead  of  the  river  above  Wheeler  anti]  apparently 
half  of  the  moraine  has  beeo  removed.  Its  appearance  is  shown  in 
flg.  T.  This  view  presents  the  nearest  approach  of  the  inside  of  the 
moraine  to  the  Missoiiri  Biver  at  any  point  between  Pratt  Creek  and 
Ghotean  Creek. 

From  this  point,  which  is  on  or  near  sec.  23,  T.  97,  B.  68,  the  inner  line 
of  the  moraine  may  be  described  as  follows:  It  extends  east-sontheast 
to  the  soathwestern  end  of  Lake  Andes,  thence  ttom  the  sonthwest 
corner  of  see.  12,  T.  69,  B.  65,  near  the  sonth  shore  of  Lake  Andes  soath- 
ward  along  the  east  side  of  the  township  nearly  to  its  soatheaatem 
comer,  and  thence  soath-sontheast  in  nearly  direct  line  to  the  middle 
of  T.  94,  B.  62. 

The  stmctare  of  the  moraine  throngb  this  portion  Is  foand  to  be  a 
deep  deposit  of  drift,  overlapping  hills  of  Cretaceoas  clay.    The  moraine 
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presents  few  knobs  npon  its  surface.  It  may  be  described  as  a  broad 
swell,  with  a  somewhat  abrupt  slope  toward  the  northeast  and  an  irreg- 
olar  gentle  slope  toward  the  southwest,  which  latt^  is  mnoh  seamed 
by  short  streams  draining  into  the  Missonri.  It  is  interesting  to  find 
this  portion  of  the  moraine  mapped  as  a  ridge  on  Gen.  G-.  K.  Warren's 
map  of  1857. 

Through  it  are  three  important  outlets,  extending  upon  or  a  little 
below  the  level  of  the  plain  northeast.  The  first  of  these  is  now  occa- 
pied  by  Peaue  Creek  and  another  smaller  stream.  This  outlet  is  from 
one-half  mile  to  2  miles  in  width,  and  is  flat- bottomed,  especially  upon 
the  western  side,  the  eastern  being  occupied  largely  by  a  system  of 
high,  stony  hills  resembling  osars.  Another  outlet  is  that  extending 
southwest  from  the  end  of  Lake  Andes  (PI.  IV).    This  also  is  occupied 
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by  &  small  Btream,  which  flows  along  the  western  side,  and  also  a  diy 
drainage  channel,  a  few  feet  in  depth,  from  Lake  Andes  itself.  The 
eastern  side  of  this  outlet  also  presents  promtneutlr  the  effects  of  nm- 
ning  water,  in  the  form  of  gravel  terraces.  Another  less  important 
OQtlet  extends  west-soathwest  from  near  seo.  25,  T.  96,  B.  65,  till  it 
joins  the  Andes  Outlet  before  it  reaches  the  river.  From  its  relation  to 
a  grassy  lake  of  considerable  size  northeast  of  it  in  the  plain,  I  have 
called  this  Grass  Lake  Outlet.  All  of  these  outlets  present  the  features 
of  nearly  straight  troughs,  with  sides  quite  abrupt,  especially  the  western. 
Their  bottoms  are  in  every  case  lower  thau  the  general  level  within  the 
moraiu&  and  slope  more  or  less  rapidly  to  the  surface  of  the  lower 
gravelly  terrace  described  in  Chapter  V.  Near  the  head  waters  of 
Bevenmile  Greek,  at  the  southwest  comer  of  T.  96,  B.  64,  the  moraine 
declines  in  elevation  ftvm  75  to  60  feet,  and  at  the  same  time  seems  to 
broaden,  and  continues  this  character  from  this  point  to  Ohoteau  Creek. 
Several  streams  have  their  valleys  heading  in  close  to  the  northeast 
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side  of  the  moraine  and  probably  were  minor  channels  of  overflow  when 
the  ice  was  forming  the  moraine.  A  distant  and  general  view  of  this 
part  of  the  moraine  is  shown  in  flg.  8. 

A  conspicuous  point  in  this  lower  portion  of  the  moraine  is  on  or 
near  sec.  30,  T.  94,^ B.  62.  It  is  situated  some  disbmce  outside  of  the 
inner  boundary  of  the  moraine,  so  that  it  seems  never,  or  very  briefly, 
to  have  been  covered  by  the  ice.  It  presents  the  well-marked  layers  of 
the  Bijou  quartzite,  lying  in  horizontal  position,  and  scattered  upon 
tbem  numerous  bowlders  of  all  kinds.  Its  altitude  is  quite  definitely 
determined  to  be  1,675  feet. 

A  view  from  the  summit  of  the  moraine  shows,  in  general,  a  gentle 
slope  down  to  the  level  of  a  high  terrace  along  the  left  bank  of  the 
MissonrL    This  terrace  averages  over  200  feet  above  the  river. 

The  valley  of  Choteaa  Oreefa,  as  it  approaches  the  moraine,is  firom  IJ 
to  2  mUes  in  width  and  flat  bottomed,  apparently  marking  another  out- 
let, which,  however,  instead  of  going  straight  toward  the  Missouri,  tams 
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eastward  and  joins  a  draina^  Talle^  from  the  interior  of  the  Choteaa 
Creek  Hills.  This  latter  valley,  from  the  scantiness  of  vater  in  it,  is 
known  as  the  Dry  Chotean,  while  the  more  extended  western  braocli 
ia  locally  known  as  the  Wet  Chotean.  The  Chotean  Creek  Hills  are  a 
system  of  momnic  hills  sniroaDdinfc  the  Dry  Chotean.  They  extend 
north  and  south  and  are  estimated  to  be  3  to  6  miles  in  width.  Their 
northern  end  occnpies  the  west  half  of  T.  97,  B.  61,  and  ia  snrroonded 
with  a  broad,  semicircolar  valley,  in  which  rise  the  headwaters  of 
Emanuel  Creek  on  the  east  and  an  important  branch  of  the  Wet  Cho- 
tean on  the  northwest.  This  valley  is  most  abrupt  on  its  outer  aide, 
and  haa  a  depth  of  60  to  100  feet  below  the  plain  oatside.  The  plain 
ends  in  n  terraoe-like  edge,  in  some  places  coaBiderably  raised  above 
the  region  farther  back.  Thia  la  markedly  tme  of  the  portion  east  of 
the  hills,  near  Aden  post-office,  sec.  1,  T.  97,  B.  61,  where  the  sorfiKe 
suggests  a  minor  moraine.  The  hills  terminate  soathward  in  narrow 
bat  prominent  ranges  near  the  month  of  Dry  Chotean.  This  is  par< 
ticularly  true  of  hills  on  the  east  side  of  the  system.  East  and  soath- 
east  of  that  point  there  is  a  broad  swell,  evidently  passed  over  by  the 
ice  and  suggesting  an  advance  of  the  ice  farther  west  in  its  later  occu- 
pation of  the  region.  Perhaps  the  erosion  of  the  waters  escaping  from 
the  valley  had  removed  the  moraine  on  that  side,  so  that  the  ice  broke 
over  the  remainder  into  the  drainage  valley  itself.  That  their  location 
was  probably  predetermined  by  hills  of  Cretaceous  clay  is  indicated  by 
the  reported  oocarrence  of  chalkstone  some  distance  above  their  base 
at  the  northern  end.  This  was  not  certainly  determined  to  form  a 
ledge,  but  was  found  in  snob  qnantity  as  to  render  it  quite  certain  that 
such  was  the  case.  Several  important  lakes  and  marshes  occur  In  the 
hills. 

The  ice  bheet  evidently  very  nearly  surrounded  these  hills,  aa  the 
small  lobe  extending  east  of  them  pushed  through  quite  to  Ohoteaa 
Creek  in  T.  93,  B.  61.  It  also  reached  nearly  to  the  present  course  of 
the  Missouri.  There  are,  however,  high  northweat-sontheast  ridges 
extending  from  near  the  month  of  Choteaa  Creek  to  sec.  3,  T,  !j2,  B. 
61,  where  they  are  more  developed  than  farther  west,  rising  over  150 
feet  above  the  plain  to  the  northeast  and  estimated  to  be  fully  400  feet 
above  the  river  to  the  north.  They  are  so  cut  by  ravines  from  the 
river  as  to  make  their  morainic  character  somewhat  questionable. 
Fortunately,  In  an  old  well  evidence  was  found  of  an  ancient  pond 
upon  thia  hill,  containing  specimens  of  freshwater  ahells  and  having 
every  api>earance  of  a  morainic  basin,  which  had  t>een  filled  with 
earth  8  or  10  feet  in  depth. 

EMAKUBL  CBKBK  GAP. 

From  thia  point  no  trace  of  anything  that  can  be  called  a  moraine  is 
found  until  we  reach  the  blufl'a  about  5  milea  east  of  Bonhomme.  Over 
thia  region,  on  the  north  side  of  the  river,  the  plain,  gently  andulat- 
ing,  gradually  subsides  to  the  level  of  the  lower,  bowldery  terrace, 
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which  has  ao  altitude  of  aboat  200  feet  above  the  rivOT.  The  surface 
is  Bomewhat  lover  in  the  viciiiity  of  Spriagfleld,  North  of  Bonhomme, 
ill  the  valley  of  Snatch  Creek,  the  generul  sarface  is  atill  more  de- 
pressed, and  abounds  in  low  bowldery  knobs.  It  sa^gesta  the  fllliog  of 
a  pre-61acial  valley.  This  is  farther  indicated  by  a  gap  in  the  chalk 
blnffs  along  the  north  side  of  the  Miasoori. 

Upon  the  south  side  of  the  river,  back  from  the  bars  and  bottom 
land  immediately  adjacent  to  the  channel,  is  a  strip  of  country  from 
2  to  4  miles  in  width  displaying  very  little  drift,  and  underlain  by 
ohalkstone  below  and  Oretaceons  days  above,  with  much  sand,  probably 
of  Lonp  Fork  epoch,  still  higher.  This  region  is  very  much  eroded 
by  small  streams  mnning  north  to  the  river.  3outh  of  this  strip  of 
country  there  rises  abruptly  the  northern  edge  of  a  table-land,  built  of 
bttds  of  sand  and  gravel  below  and  of  luess  with  a  few  scattered  bowl- 
ders above.  The  loess  is  much  eroded,  bnt  its  valleys  extend  away  from 
the  river  into  the  braoches  of  Bazile  Greek.  One  peculiar  ibature  of 
the  DortherD  edge  of  this  table-land  ia  the  projection  of  high  ridges  of 
the  loess  extending  1^  to  2  miles  northwest,  without  diminishing  in 
altitude,  over  the  Oretaceous  region  before  described. 

It  seems  clear  that  in  this  gap  of  the  moraine  we  have  trace  of  a 
lelatioD  of  ice  sheet  and  river  similar  to  that  which  existed  between 
the  B^ou  Hills  and  the  Cedar  Greek  Hills,  though  ou  a  vaster  scale: 
with  the  difference,  however,  that  in  that  case  the  water  was  flowing 
rapidly  transversely  to  the  motion  of  the  ioe,  while  in  this  case  it  was, 
perhaps,  discharging  more  in  the  same  direction. 

FSOU    BONHOHHB   TO   SPIRIT   MOUITD. 

The  moraine  appears  on  the  north  bank  of  the  river,  about  5  miles 
east  of  Bonhomme,  in  a  high,  broad  swell,  extending  from  the  south- 
west toward  the  northeast,  past  Lakeport,  which  is  situated  ou  the 
inner  crest  of  the  moraine;  but  it  rather  abruptly  turnH  eastward  and 
declines  in  height  near  the  center  of  T.  94,  B.  67,  where  there  seems  to 
have  beeu  a  broad  outlet,  or  perhaps  a  tongue  of  the  ice  In  the  place 
now  corresponding  to  the  upper  valley  of  Beaver  Greek.  Later  there 
seems  to  have  been  much  water  flowing  southeast  over  this  area. 

Near  Lesterville  a  considerable  cluster  of  morainic  hills  again  appears, 
about  60  feet  tn  height  above  the  plain  arontid  them.  These  seem  to  be 
an  iuterlobular  portion  of  the  moraine  between  the  broad  valley  to  the 
south  and  a  narrower  valley  coming  in  from  the  north  along  their  east 
side,  or  else  a  local  development  of  a  later  moraine  not  usually  appear- 
ing, possibly  an  earlier  portion  of  the  second  moraine. 

Again,  beginning  near  the  southeast  comer  of  T.  96,  H.  67,  a  high, 
sharp,  continuous  ridge  extends  in  a  nearly  direct  line  to  sec  12,  T.  94, 
K,  56,  where  it  quite  abruptly  declines  in  height,  apparently  having 
been  washed  away  by  water  from  the  west.  Through  this  range  is  an 
interesting  gap  through  which  Beaver  Creek  crosses  it  toward  the  east, 
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apon  aec.  28,  T.  96,  B.  66.  Soatli  of  this  is  a  conspiouous  peak,  locally 
known  as  Mount  Pisgah.  An  interesting:  drainage  channel  at  high 
level  crosses  the  moraine  north  of  the  gap  on  the  vest  lines  of  sees.  16 
and  21,  T.  96,  B.  66.  A  conspicnoos  view  of  this  portion  of  the  moraine 
from  the  inside  is  given  in  PL  V,  andltom  theontsideinflg.  9.  Another 
drainage  channel  at  higher  level  mna  south  obliquely  across  it  along 
the  west  line  of  sec  16,  T.  95,  B.  56. 

A  few  morainic  points  in  a  ridge  running  east-west,  northeast  of 
Lakeport,  suggests  the  idea  that  the  broad  gap  south  of  Lesterville 
may  at  one  time  have  been  occupied  by  a  small  lobe  from  the  ice  sheet 
west.  The  highlands  west  of  Yankton  descend  in  a  long,  gentle  slope 
from  the  vicinity  of  Lakeport  to  Yankton.  This  slope  is  traversed  by 
valleys  extending  south  of  east  which  bear  traces  of  running  water. 
There  are  gravelly  knolls  and  terraces,  especially  toward  the  foot  of 
the  slope.  From  the  gap  east  of  Lesterville  extends  a  brood  valley, 
raoning  southeast.    Jnst  southwest  of  James  Bidge  this  also  opens 
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toward  the  southeast  upon  a  brood  gravelly  terrace,  through  which 
Beaver  Creek  in  its  lower  portion  hos  excavated  a  deep  valley.  James 
Bidge  in  its  northern  half  seems  to  have  beeu  a  narrow  interlobular 
portion  of  the  moraine.  A  lower  bowldery  ridge,  somewhat  detached, 
skirts  its  uorthern  end  much  as  in  the  cose  of  the  Ohoteau  Creek  Hills. 

From  o  consideration  of  the  topography  of  the  gorge-like  character 
of  the  trough  of  the  Missouri  from  Bonhomme  to  Yankton,  of  the 
occurrence  of  blowing  wells  near  tJtica,  and  of  the  finding  of  fragments 
of  quartzite  like  that  of  the  Bijon  Hills  at  the  soath  end  of  James 
Bidge,  it  seems  probable  that  before  the  advent  of  the  glacier  the  Mis- 
souri, or  rather  the  Kiobrara,  flowed  northeast  firom  Springfield  and 
thence  eastward  north  of  Lokeport  and  Yankton  to  join  the  main  river 
northwest  of  the  latter  place. 

Extending  aloDg  the  east  side  of  James  Hidge,  separated  from  it  on 
the  south  by  Beaver  Creek,  and  turning  east  from  the  southern  end  of 
the  higher  port  of  James  Bidge,  is  a  morainic  ridge,  at  one  time 
thought  to  be  a  part  of  the  outer  moraine,  but  a  more  satis&ctory 
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interpretation  makes  it  a  part  of  the  second  moraine,  onder  wlilch  head 
it  is  farther  discnsfied. 

East  of  Clay  Creek  morainio  ridges  appear  again  on  or  near  Bee.  '26, 
T.  95,  R.  54,  where  they  are  well  developed  along  the  east  branch 
of  Olay  Oreek. 

From  this  point  the  more  or  less  morainio  west  slope  of  the  highland 
runs  nearly  northwest  to  the  southeast  corner  of  T.  98,  B.  56.  The  west 
branch  of  Olay  Oreek  flows  along  soathwest  of  it  in  a  sontbeaaterly 
direction.  Along  tbe  east  branch  of  Olay  Greek  the  chalkstone  of  the 
Kiobrara  group  appears  high  up  in  the  hills,  rising  some  80  feet  above 
the  waters  of  the  stream.  It  is  finely  exposed  as  far  north  as  sec.  17, 
T.  95,  R.  54. 

In  the  Ticinity  of  Cbildstown  poat-ofQce  the  monune  swings  in  a 
carve  east,  northeast,  and  Anally  aroond  southeast  aloug  the  west  side 
of  Turkey  Ridge  Creek,  extending  approximately  parallel  with  the 
moraine  just  described,  and  forming  with  it  a  broad,  high  ridge,  from  4 
to  6  miles  in  breadth.  Its  eastern  limit,  corresponding  to  the  inside  of 
the  moraine,  extends  (tom  Spring  Valley  post-ofBce,  east  of  Irene,  to 
the  vicinity  of  Wakonda,  then  more  sonthward  and  then  sontheasterly 
into  the  northwest  corner  of  T.  93,  R.  52,  where  it  turns  more  east, 
declines  in  height,  aud  becomes  broken  into  detached  hills,  the  last  of 
which  is  Spirit  Mound  (PI.  VI). 

This  is  a  pictnresqae  peak,  rising  uearly  125  feet  above  the  level  of 
the  plain,  npon  sec.  14,  T.  93,  R.  52. 

Turkey  Ridge. — Turkey  Ridge  exhibits  the  nijual  features  of  inter- 
lobular moraines.  It  shows  a  core  of  Cretaceous  chalkstone  and  clay, 
above  which  there  generally  seems  to  be  a  mantle  of  fine  deposits,  pos- 
sibly eolian,  probably  of  Tertiary  age.  In  some  places  this  is  a  fine 
silt,  resembling  loess,  but  more  generally  it  is  very  fine  sand.  Some  of 
it  may  have  been  derived  &om  glacial  action,  deposited  before  tbe  ice 
sheet  covered  this  point.  Above  this  rests  a  macb  thicker  mantle  of 
till,  50  to  200  feet  thick,  except  where  cut  through  by  erosion.  No  trace 
of  a  composite  character  has  been  found  in  this,  though  it  has  been 
penetrated  at  many  parts  by  deep  wells.  The  more  reliable  sonrce  of 
water  is  the  fine  sand  or  chalk  below.  The  water  in  the  two  may  be 
confluent. 

The  main  internal  drainage  channel  is  Tnrkey  Oreek,  which  evidently 
received  its  waters  from  the  east  side,  where  two  prominent  cols  are 
found,  one  at  an  elevation  of  about  1,450  feet  above  sea  level  in  sec.  30, 
T.  97,  R.  54,  another  at  an  elevation  of  about  1,318  feet,  a  little  south  of 
Ii  ene.  Both  of  these,  especially  the  latter,  have  been  cut  down  nearly 
100  feet  since  they  were  first  traversed  by  the  water.  Traces  of  drain- 
age from  the  west  are  found  at  two  or  three  points,  bat  the  ice  there 
was  lower  and  soon  tbe  drainage  was  along  the  line  of  Clay  Creek, 
which  ran  along  the  west  side  of  the  interlobular  moraine.  These 
two  channels  converge  to  the  vicinity  of  Volin,    Turkey  Oreek  has  a 
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uatarally  narrow  valley,  boanded  by  chalk  oliffb  riBiDf;  from  50  to  100 
feet  above  the  water.  Tnrkey  Bidg«  is  about  24  miles  long  and  from 
5  to  7  milea  wide.  Its  sur&ce  is  not  very  rough.  Most  of  it  is 
easily  tilled,  thoagh  in  aome  places  it  is  very  stony.  The  prevailing 
stone  is  red  qoartzite.  Its  highest  point  is  aboat  1,750  feet  above  tide, 
on  sec.  5,  T.  97,  B.  56.  From  that  place  it  declines  qoite  regularly  to 
about  1,400  feet  for  2  or  3  miles  west  of  Wakonda.  A  plan  of  it  is  given 
inPl.  Vll;  see  also  sectioDB  B-F  Slid  I-K  with  the  general  map  (PI.  I). 
This  is  derived  from  the  topographical  survey  of  the  United  States 
Geological  Survey  made  in  1896.  In  the  later  stages  of  the  oocnpation 
of  the  moraine,  as  the  itse  thinned,  the  internal  drainage  ceased  and  the 
Vermilion  lobe  discharged  along  the  line  beginning  in  the  eastern  part 
of  T.  97,  B.  50,  and  extending  to  2  miles  west  of  Viborg,  passing  through 
the  west  side  of  T.  02,  B.  52,  thence  nearly  due  south  to  sec.  9,  T.  94,  B. 
02,  theuoe  aoatheast  to  the  Vermilion  Biver,  passing  just  west  of  Spirit 
Mound. 

TBBHIIilOH  OAP. 

From  this  point  there  ia  a  gap  in  the  moraine  about  8  miles  in  width. 
It  is  occupied  by  the  very  level  plain  along  the  Vermilion  Biver.  This 
plain  extends  southward  and  ends  as  a  high  terrace,  the  soathern  end 
of  which  extends  from  the  mouth  of  the  VennilioD  nearly  due  east  to 
the  Big  Sioox.  It  rises  about  100  feet  above  the  Missouri.  This  terrace, 
as  exposed  by  cuts  in  the  vicinity  of  Vermilion,  is  compoaed  of'blue 
bowlder  clay  below,  containing  pockets  of  sand,  and  passing  above  into 
yellow  pebble  day,  and  this  is  capped  in  places  with  a  silt  indistin- 
guishable from  loess.  The  surface  of  this  terrace  frequently  exhibits 
basins  similar  to  those  found  upon  till;  and  from  the  relation  of  the 
terrace  to  the  moraine  it  was  probably  occupied  by  a  narrow  tongue  of 
ice  running  down  the  pre-Olacial  Vermilion  Valley  into  the  Missouri. 

FROM  BBULE  CBSBE  TO  OANTON. 

Along  the  west  bank  of  Brule  Creek,  as  fitr  south  as  sec.  13,  T.  92, 
B.  50,  and  still  more  prominent  in  the  northwest  corner  of  T.  93,  B.  50, 
and  the  southwest  comer  of  the  township  north,  the  moraine  appears 
in  a  few  scattered  knobs  of  drift  Between  these  bills  are  evidently 
overflow  channels  from  the  plain  northeast  to  the  valley  of  Brule  Creek. 
Some  of  theu:  outlets  are  partially  occupied  by  small  lakes.  These  hills 
toward  the  north  become  connected  into  a  broad  swell  composed  of 
bowlder  clay,  which  rises  and  broadens  toward  the  north  and  extends 
past  Beresford,  situated  upon  its  sammit,  thence  north  and  northeast 
to  the  middle  of  the  southern  line  of  T.  98,  B.  49,  where  it  terminates 
abruptly,  overlooking  a  broad  valley,  which  slopes  from  the  plain  north- 
west down  into  the  valley  of  the  Big  Sioux  at  Canton. 

This  portion  of  the  moraine  is  not  traversed  by  overflow  channels  of 
any  considerable  size,  at  least  none  have  eroded  the  moraine  very  deeply. 
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ThereEire,  moreover,  few  knobs  or  morninic  points  exbibiteil  by  this  por- 
tion of  the  moraine.  It  forms  the  western  edge  of  a  highland  region  occn- 
pying  the  whole  area  between  it  and  the  Big  9ioax  Biver  on  the  east. 
This  highland  region  is  auiformly  covered,  especially  upon  the  hilltops, 
with  loess,  some  of  the  points  of  it  rising  higher  than  the  nearer 
portions  of  the  moraine.  Branches  of  Brule  Greek  and  the  Big  Sioux 
have  eroded  the  whole  aurEace  of  this  highland  so  that  the  height  of 
the  hills  above  the  valleys  is  often  more  than  150  feet  That  there  was 
more  or  less  overflow  across  the  moraine  is  indicated  by  namerons 
broad,  marshy  valleys  extending  from  the  summit  of  the  moraine  soath- 
vard  into  Brule  Greek.  This  isespecially  true  in  the  vicinity  of  Beres- 
ford  and  sonth  of  Canton,  At  the  northern  end  of  the  highland  region 
it  rises  about  300  feet  above  the  Big  Sioux,  and  the  valleys  heading 
near  the  moraine  are  narrower  and  deeper  than  those  farther  south. 

One  of  the  most  instmctive  portions  of  the  moraine  in  this  region,  and 
indeed  in  any  r^ou,  is  that  lying  along  the  west  side  of  Bmle  Creek, 
throagb  Ts.  94,  93,  and  92,  B.  SO.  In  the  northern  part  of  the  first 
mentioned  the  moraine  has  the  same  features  as  near  Beresford,  and 
passes  gradually  into  the  eroded  highland  region  farther  east.  This 
ends  in  sec.  17,  and  farther  south  there  is  an  alternation  of  drainage 
channels  with  bowlder  knobs.  This  is  represented  in  part  in  PI.  VIII. 
Theseoutlet  channels  are  upon  the  same  level  as  the  plain  farther  west, 
and  from  30  to  60  feet  above  the  water  in  Brnle  Creek.  In  some  of  the 
wider  it  would  seem  that  the  ice  occupied  the  channel  and  left  ponds 
and  bowlders  over  the  surface,  as  in  the  common  glaciated  areas.  These 
knobs  rise  over  100  and  160  feet  above  the  creek  and  from  60  to  70  feet 
above  the  surrounding  plain.  The  channels  are  not  all  upon  the  same 
level,  but  are  deeper  toward  the  south.  Their  eastern  surface  is 
mantled  with  loam,  indistingnisbable  fh)m  loess.  It  has  not  been 
found,  however,  more  than  5  or  6  feet  deep,  and  it  is  not  difficult  to 
account  for  the  numerous  cases  by  eolian  action  in  time  of  northwest 
winds.  East  of  the  creek  the  till  rises  to  abont  the  same  level  as 
that  which  forms  the  body  of  these  knobs.  At  several  points  along 
the  creek,  and  50  to  70  feet  above  it,  there  are  thick  deposits  of  sand 
and  gravel  directly  underlying  the  loess,  which  is  much  deeper  upon 
the  eastern  side  of  the  creek.  The  relation  is  shown  in  one  of  the  sec- 
tions in  PI.  VIII.  Between  sees.  8  and  9,  T.  93,  B.  50,  the  stream  flows 
through  a  narrow  gorge  which  seems  to  owe  its  character  partly  to  the 
slipping  masses  of  loess.  From  that  point  to  sees.  2i  and  25,  T.  93,  B. 
50,  there  is  no  morainic  material  west  of  the  creek,  but  at  the  latber 
point  the  hills  again  appear  very  distinctly  on  the  west  side  of  the 
creek.  It  is  evident  that  Bmle  Greek  began  its  course  when  the  ice 
occupied  the  Vermilion  Talley  as  far  sonth  as  theMissouri,  and  that  the 
ice  rose  nearly  or  quite  as  high  as  the  general  level  of  the  loess  farther 
east.  The  question  presents  itself  whether  the  water  during  the  early 
occupation  of  the  moraine  flowed  as  high  as  that  level,  so  as  to  dia- 
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charge  eastward  over  tlie  loess  of  Brnle  Creek.  There  are  some  things, 
both  at  this  xwint  and  in  the  Ticinity  of  Fairviev,  which  seem  to  indi- 
cate thie  conditioD.  For  example,  the  width  of  Brnle  Greek  ttetween 
sees.  8  and  9,  T.  S3,  R.  50,  seems  too  narrow  for  the  width  of  the 
valley  farther  north  and  the  immerons  outlets  leading  to  it.  Again, 
south  of  Beresford,  bnt  more  north  of  that  place,  while  there  are  no 
prominent  drainage  channels,  there  are  shallow  ones  which  cross  the 
moraine  at  a  high  altitude,  some  of  them  as  high  as  and  even  higher 
than  the  level  of  the  loess  farther  east.  Moreover,  northeast  of  Beres- 
ford  there  is  a  pecaliar  mingling  of  bowlder  knolls  and  loess,  as  if  the 
loess  portion  of  it  had  been  deposited  in  the  valleys  of  the  till. 

BIG  SIOTTX  GAP. 

From  the  northern  end  of  the  highland  south  of  Canton  to  the  high- 
laud  south  of  Sioux  Falls,  on  sec.  29,  T.  101,  B.  48,  we  have  again  a 
depauperated  portion  of  the  moraine.  It  is  only  represented  by  a  few 
isolated  hills  lying  along  the  west  bank  of  the  Big  Sioux.  They  pre- 
sent at  first  sight  the  peculiar  phenomeuon  of  detached  portions  of  the 
table-lands  east  of  the  Big  Sioux.  They  rise  to  nearly  the  same  height 
and  are  about  150  feet  above  the  plain  to  the  west.  The  first  of  these 
is  about  1  mile  northeast  of  Canton— a  low  hill  composed  largely  of 
gravel,  rising  about  150  feet  above  the  river.  The  second  is  a  much 
more  important  hill,  occupying  much  of  sec.  6,  T.  98,  B.  48 ;  the  third  a 
hill  occupying  sec.  20,  T.  99,  B,  48;  the  fourth,  in  or  near  see,  15,  T. 
100,  B.  49.  These  hills  are  composed  of  drift,  and  when  of  any  size 
show  basins  indicating  their  morainic  character.  Between  the  highland 
south  of  Canton  and  the  hill  northeast  there  is  a  broad  incline  Aom 
"^heplain  on  the  northwest  to  the  level  of  the  Big  Sioux. .  Upon  this  slope 
two  or  three  terraces  may  be  traced.  The  plain  on  the  northwest  rises 
about  130  feet  above  the  river.  Continuous  with  the  higher  of  these 
terraces,  which  is  the  more  stony,  is  a  long  bowldery  terrace  extend- 
ing down  the  Big  Sioox,  and  gradually  declining  in  attitude  to  the 
valley  of  the  Bock  Biver.  It  reminds  one  of  the  terrace  on  the  Missoori 
extending  from  the  month  of  Pratt  Creek  southward.  The  valley  of 
the  Big  SioQX  here  is  narrower,  apparently  not  more  than  half  the 
widtJi  of  the  Bock  Eiver.  This  is  especially  true  in  the  vicinity  of  Fair- 
view.  This  suggests  its  receut  excavation,  perhaps  during  the  later 
occupation  of  the  principal  moraine. 

I^orth  of  Canton  the  plain  to  the  west  comes  np  quite  sharply  to  the 
valley  of  the  river,  leaving  a  terrace-like  edge,  except  in  the  vicinity  of 
small  streams  emptying  into  the  Slonz.  East  of  the  Sioux,  as  before 
intimated,  the  general  level  is  fh>m  200  to  260  feet  above  the  river.  So 
trace  of  Cretaceous  clays  was  clearly  noted  along  the  Big  Sioux  above 
Canton  till  the  northwest  comer  of  Iowa  was  nearly  reached.  It  is 
probable  that  they  rise  from  25  to  50  feet  above  the  present  stream. 
Northwest  of  Canton  the  chalkstotie  of  the  Kiobrara  group  occupies 
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the  baDk  of  a  small  stream  at  a  beigbt  of  Dearly  100  feet  above  tbe  Biff 
Sionx.  Tbere  seems  to  be  no  evidence  that  any  portion  of  the  east 
blafib  of  the  Big  Sioux  represents  any  part  of  the  moraine. 

PROM  THE  BIG  SIOOX  TO  TBBMCLION  POIHT. 

Beginning  on  the  west  side  of  the  Big  Sionx,  about  a  mile  north  of 
the  northern  bonndaiy  of  Iowa,  a  high  massive  ridge  begins  to  extend 
westward  and  soothwestward  aroand  the  Great  Bend  of  the  Big'Sionx, 
and  coatinoes  its  westerly  coarse  to  near  the  sonthwest  comer  of 
T.  101,  R.  61.  Thence  cnrring  northward,  it  crosses  the  Chicago,  St. 
Paul,  Minneapolis  and  Omaha  Railway  about  4  miles  east  of  Montrose, 
theu  closely  follows  the  east  side  of  the  East  Yermilion,  creasing  the 
Chicago,  Milwaukee  and  St.  Paul  Bailway  west  of  Winfred,  and  oon- 
tinues  in  that  direction  to  a  point  about  12  miles  northwest  of  Mad- 
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ison.  The  line  indicated  marks  its  ioner  slope.  Its  outer  slope  is  leas 
distinctly  marked,  being  irregular,  but  usaally  with  slight  descent 
toward  tbe  north  and  east.  Of  the  portion  just  traced,  that  immedi- 
ately south  of  tbe  bend  of  the  Big  Sioux  is  the  lowest,  rising  only  about 
120  feet  .above  the  water  in  the  river.  It  bears  traces  of  several  drain- 
age channels,  as  though  considerable  water  had  been  discharged  north- ' 
ward  from  this  point.  About  3  miles  sontheast  of  Sioux  Falls  is  the 
highest  point  east  of  the  bend.  It  rises  about  265  feet  above  the  river  to 
the  east,  or  165  feet  above  the  Chicago,  Milwaukee,  St.  Paul  and  Omaha 
station  at  Sioux  Falls.  In  this  elevated  portion  the  moraine  has  been 
least  modified,  and  therefore  shows  its  usual  characteristics — stony 
knobs  and  ridges,  with  ponds.  The  moraine  has  been  crossed  in  the 
vicinity  of  Wall  Lake,  east  of  Montrose  and  east  of  Winfred.  At  the 
first  of  these  points  its  height  is  175  feet  above  the  plain  to  the  soath- 
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west.  East  of  Montroae  and  east  of  Win&ed  the  altitude  is  about  200 
feet.  At  all  of  these  points  the  inner  sorfoce  of  the  moraine  is  very 
stony  and  nnasoally  marked  with  knobs,  which  are  more  nomerous 
npoD  the  inaer  slope  than  upon  the  sommit  of  the  moraine  (fig.  10). 

As  one  looks  ftt)m  the  moraine  toward  the  ontside  the  view  is  like 
that  of  a  plain,  with  numerouB  ponds  in  places.  Elsewhere  these  ponds 
seem  to  have  been  drained  by  shallow  channels  of  erosion,  connecting 
with  Skunk  Creek.  These  channels  are  not  aniformly  from  the  inner 
surface  of  the  moraine  outward,  but  often  parallel  to  it,  or  even 
occasionally  flowing  toward  it.  In  these  shallow  valleys  are  sometimes 
found  systems  of  elongated,  sharp,  stony  ridges.  One  example  was 
noted  along  a  branch  of  Skunk  Oreek  in  the  southvest  comer  of  T. 
101,  R.  50.  Another  and  more  extensive  system  is  fonnd  about  5  miles 
irom  Montrose,  leading  &om  a  shallow  gap  in  the  moraine  and  extend- 
ing to  a  branch  of  Skunk  Greek.  (Pis.  IX  and  X.)  A  fuller  descrip- 
tion will  be  given  in  a  later  chapter. 

The  outer  surface  of  the  moraine  gently  declines  to  the  snrfoce  of 
an  undulating  plain  traversed  by  channels  to*  large  for  their  present 
siireams.  This  portion  of  the  moraine  has  no  deep  outlet  channels 
traversing  it.  Its  summit  is  not  very  rongh,  but  from  Hartford  to 
Baasell  it  is  from  8  to  10  miles  wide,  and  its  outer  slope  abounds  in 
prominent  stony  knobs  and  ridges  interspersed  with  lakes. 

Vermilion  Point  is  the  termination  of  Vermilion  Bidge,  where  it 
gradually  snbsides  into  the  undulating  plain  on  the  north.  Instead  of 
resting  upon  the  edge  of  an  elevated  terrace  like  Tartle  Point,  it 
lies  on  a  plain  running  eastward.  For  this  reason  it  is  not  nearly  so 
prominent. 

This  completes  the  tracing  of  the  outer  moraine  in  the  region  chosen 
for  consideration. 

From  Vermilion  Point  the  moraine  turns  sharply  east  and  northeast, 
and  after  crossing  Battle  Greek  abont  6  miles  »outh  of  Madison,  it 
quickly  turns  to  a  northerly  course  and  passes  4  or  5  miles  west  of 
Volga.  The  sonthern  side  of  this  loop  is  slightly  developed,  or  much 
eroded,  but  the  eastern  is  very  rough.  It  does  not  present  the  appear- 
ance of  a  broad  swell,  as  in  much  of  ite  course,  but  a  disorderly  min- 
gling of  frowning  knobs  and  ridges,  with  narrow  and  broad  channels 
which  are  frequently  studded  with  lakes.  The  outer  boundary  of  the 
moraiue  in  this  portion  is  marked  by  the  northeasterly  portion  of  Bat- 
tle Creek  and  the  flood  plain  of  the  Big  Sioux  farther  north. 

OENBRAL  CHARACTERISTICS  OP  THE  MORAINE. 

The  term  moraine,  althongh  already  frequently  used  in  this  paper, 
has  not  been  clearly  defined.  It  is  a  word  introduced  from  the  French, 
but  may  be  traced  with  the  Italian  mora,  a  heap  of  stone,  and  the 
Spanish  moron,  hill  or  hUlock,  to  the  Latin  murus,  which  not  only  has 
the  primary  meaning  of  "wall,"  bnt  also  "dam,'"<edgeof  a  pot,**  etc. 
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Both  wall  aud  rim  of  a  pot  are  instrnctire  comparisonB  in  forming  an 
idea  of  moraine  as  ased  in  this  paper. 

Moraine,  as  commonly  used,  inclndes  all  the  debris,  bowlders,  peb- 
bles, sand,  and  clay  vhich  is  transported  and  deposited  in  varioas 
sitnationa  by  a  glacier.  The  moraine  of  which  we  speak  in  these  pages 
is  always  the  system  of  hills  believed  to  have  t>«en  heaped  np  aronnd 
tbe  edge  of  an  ice  sheet.  SncL  hills  are  recognized  as  belonging  to  the 
moraine  more  by  their  relative  position  than  by  any  one  obaractei 
which  they  bear  individually.  Each  one  is  usually  circular  or  leugtb- 
ened  parallel  with  the  coarse  of  the  system,  abounds  in  bowlders,  and 
has  quite  abrupt  sides,  but  none  of  these  characters  are  always  found. 

Aa  a  system  the  moraine  usually  presents  these  stony,  knobby  hills, 
mingled  confusedly  with  circular  and  winding  basins,  which  often  con- 
tain wat«T,  but  sometimes  both  basins  and  hills  are  very  fUntly  devel- 
oped, so  tJiat  the  whole  constitutes  a  bioad  swell.  The  moraine  is 
traversed  here  and  there  by  transverse  valleys,  by  which  water  escapes 
fh>m  tbe  ice  sheet.  These  may  be  of  trifling  size  or  many  rods  in  width 
and  cutting  down  through  the  whole  height  of  the  moraine. 

The  height  of  tbe  moraine  at  any  point  is  due,  first,  to  the  relative 
elevation  of  tbe  pm-Olacial  surface;  second,  to  the  amount  of  material 
pushed  forward,  which  itself  depends  upon  the  pushing  power  of  the 
glacier  and  the  time  its  edge  remains  stationary;  third,  to  the  amount 
of  material  washed  away;  aud,  fourth,  to  tbe  consistency  of  the  mate- 
rial. Excess  of  clay  or  sand  tends  to  produce  a  low  aud  eveu  moraine, 
while  excess  of  stony  material  is  favorable  to  the  formation  of  a  high 
and  rugged  moraine. 

8TBUOTDBE  AMD  POSITION. 

A  cross  section  of  the  moraine  where  least  modified  is  a  broad,  low 
scalene  b'iangle,  tbe  shorter  side  being  inside,  tbe  longer,  considerably 


FiO.  11 — SoctfoD  ot  aonthvwt  WnilngtoBa. 

less  abrupt,  being  outside.  Hncb  of  the  moraine,  however,  is  so  modi- 
fied that  these  features  do  not  appear.  Portions  best  illustrating  the 
character  mentioned  are  found  where  the  moraine  is  neither  doubled 
upon  itself  not  closely  adjacent  to  an  important  drainage  channel,  as, 
for  example,  tbe  southwest  Wesslngton  Hills  (fig.  11),  the  portion 
between  Lake  Andes  and  Gboteaa  Greek,  and  tbe  portion  between 
Vermilion  River  and  Canton,  and  again  A*om  Sioas  Falls  to  Wiufred. 
As  has  been  already  intimated,  tbe  pre-Glacial  topography  is  believed 
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to  have  liad  great  indnence  apon  both  the  course  and  the  character  of 
the  moraine.  For  example,  the  locations  of  Turtle  Bidge,  Ohoteaa 
Greek  Hills,  and  Turkey  Ridge  are  doubtless  due  to  the  positions  of 
high  pre-Gladal  bnttes.  The  position  of  Vermilion  Ridge  seema  rather 
determined  by  the  distance  which  the  ice  sheet  could  force  itself  np  an 
inclined  plane.  The  snbordinate  lobes,  as  in  the  case  of  the  Dakota 
lobe  itself,  were  primwily  determined  by  the  existence  of  valleya  down 
or  np  which  the  ice  pushed  its  way. 


The  moraine  has  an  elevation,  above  the  plain  inside,  of  ttom  dO  to 
400  feet.  Ita  av^age  height  is  abont  100  feet.  The  extreme  elevations, 
as,  for  example,  in  Turtle  Bidge,  are  in  localities  nearer  the  centOT  of 
the  ice  sheet,  where  we  may  suppose  its  thickness  was  greater  and  its 
transporting  action  more  pronoonced.  The  lowest  portions  are  found 
apparently  either  where  the  ice  sheet  extended  into  ponded  waters  or 
where  it  was  acted  npon  by  floods  of  water  coincident  with  or  subsequent 
to  its  formation.  An  example  of  the  first  case  is  foaud  north  and  south 
of  the  Bijou  Hills.  An  example  of  the  second  is  fonnd  in  the  lower  por- 
tions of  the  James  and  Vermilion  valleys.  It  seems  not  improbable 
that  some  of  the  less  developed  portions  of  the  moraine  are  to  be 
accounted  for  by  thoir  distauce  f^m  the  source  of  material  and  their 
transient  occupation  by  the  ice  sheet.  For  example,  the  ice  can  hardly 
be  conceived  as  occnpying  the  moraine  in  the  vicinity  of  Kimball  as 
long  as  it  did  in  the  vicinity  of  Wessingtou  Springs  or  of  Lake  Andes. 
It  seems  not  improbable,  also,  that,  other  things  being  equal,  if  the 
draiuage  of  an  ice  lobe  is  lateral  an  excess  of  material  would  be  foand 
near  the  termination  of  a  glacier  rather  than  in  its  lateral  portions. 
This  may  explain  the  height  of  the  moraine  in  the  vicinity  of  Lake 
Andes. 

The  OQter  or  principal  moraine,  iu  general,  appears  to  increase  in 
height  toward  the  north,  and  still  more  toward  the  west.  Both  of  these 
features  will  be  seen  from  the  following  table : 

Table  »lu>t^ng  height*  of  oattr  moraine. 


LooUlty. 

ElevkUon  ■bove— 

HlT»r        PlUn 

ontolde.     Inside. 

Se. 

•ife. 

330          200 

1,825 
1,740 

1,650 
1,619-1,525 

120 

289          200 
247           176 
130  1        125 
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HEIUHTS  OF  OUTEB   MORAINE. 
TabU  skouing  heights  of  outer  moraine — Continneil. 


Sonttk  of  Cauton 

Bereeford 

8ec.31,T.94,  R.  53 

Spirit  Monad 

Sec.31,T.94,  R.  53 

Sec.  5,  T.  97.  R.  55 

Seo.28,T.95,  R.  5* 

Sec.7,T.94,  H.  55 

Monnt  Pisgah,  (sec.  34,  T.  95,  R.  56) . . . . 

Northwest  of  Leatervillo 

Laieport 

S8C.3,T.92,  R.  61 

Sec.  4.  T.  05,  R.  61 

North  end  of  Choteaa  Creek  Hills 

£MtceaterT.95,R.62 

Fioapect  Point  (sec.  8,  T,  97,  R.  61) 

Northeast  ooruer  T.  94,  R.  63 

South  center  T.  94,  R.  62 

Sonthof  Lake  Andes 

8eo.6,T.9e,  R.  66 

Sec.  24,  T.  97,  R.  68 

Seo.28,T.  98,  R.68 

Soatbwest  end  of  East  Bijoa 

East  end  of  East  Bijoa 

North  of  end  of  East  Bijou  2  miles 

Hills  near  Kimball 

Southwest  WesaingtoDS  near  Ishams 

Turtle  Point 

c.27,T.108,  R.  66 

o.3,T.107,  R.  69 


aEatltnsWd, 

STONINESS  OP  THE  HOKAINE  AND  DISTRIBUTION  OF  BOW] 

The  Htoniness  of  the  moraiue  seems  to  bear  a  direct  relati< 
action  of  vater  npon  it.  Where  there  are  traces  of  torrential 
the  conflgaration  of  the  country  there  is  nsually  an  increag 
Dumber  of  bowlders;  for  example,  id  the  iDternal  draiuaget 
Kidge  bowlders  aboaod  upon  the  abrupt  sides  of  the  channel 
yet  this  was  evidently  only  one  influence  among  several.    Tl 
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reoce  of  bowlders  iu  patches  or  nests,  apon  the  moraine  as  veil  as 
upon  the  till,  is  probably  dne  to  some  obecore  segregating  actioD  of 
the  glacier  or  of  glacial  streams, 

l!he  number  of  bowlders  in  general  in  the  Dakota  moraine  is  much 
less  than  in  moraines  farther  east,  as,  for  instaace,in  Wisconsin.  Thla 
is  to  be  explained  largely  by  the  absence  of  bowlder-forming  rocks  in 
the  region.  The  glaciers  over  the  whole  Dakota  lobe,  with  the  excep- 
tion of  a  few  isolated  square  miles  of  Arcfaean  rocks,  rested  upon  day 
which  was  evidently  easily  eroded  both  by  water  and  by  ice.  As  has 
been  already  stated,  the  harder  strata  at  the  advent  of  the  ice  were,  as 
a  mle,  found  capping  a  few  bnttes.  These  buttes,  in  most  oases,  seem 
to  have  withstood  the  ice,  and  so  their  capping  was  not  transported  to 
any  great  distance. 

Bowlders  of  crystalline  rocks,  granite,  greenstone,  qnartzites  of 
sever-al  sorts,  and  of  a  very  fine-grained,  compact  white  limestone 
ftt>m  the  upper  Silurian  beds,  occur  everywhere,  with  little  variation 
in  their  relative  prominence.  Some  of  the  variations  noticed  in  the 
character  and  distribution  of  bowlders  are  as  follows:  Flesh-colored, 
fine-grained  granite,  blaek  slate,  and  white  and  dark  qnartzites  aboand 
more  along  the  western  side  of  the  Dakota  lobe.  The  white  and  the 
yellow  Silurian  limestones  were  noticed  in  unusual  size  and  profnstOQ 
in  Lake  Andes  Outlet  and  about  the  month  of  Ohoteau  Creek,  espe- 
cially to  the  west  of  that  stream.  Bowlders  from  8  to  10  feet  long  and 
from  2  to  3  feet  thick  are  not  uncommon,  while  smaller  ones  are  much 
more  frequent.  Their  abundance  so  impressed  me  that  iu  several 
clusters  and  heaps  I  counted  them.  In  one,  16  out  of  22  were  lime- 
stone; in  another,  8  ont  of  16 ;  in  another,  40  oat  of  18.  Several  others 
showed  more  than  half  limestone.  The  clusters  counted  were  all  on 
the  lower  bowldery  terrace. 

There  are  several  kinds  of  rocks  found  iu  sontheastem  South  Dakota 
which  are  adapted  to  form  erratics.  One  is  a  Hiliceons  rock  of  Tertiary 
origin  resembling  buhrstone,  of  fine  texture,  yellowish  color,and  usually 
marked  with  the  stems  of  plants.  This  has  been  noticed  apparently 
near  position  a  little  south  of  the  Northern  Pacific  Bailway,  and  occa- 
sional bowlders,  not  often  more  than  6  inches  in  diameter,  are  distrib- 
ated  to  all  portions  outside  of  the  moraine,  specimens  being  found, 
though  never  in  considerable  numbers,  as  far  south  and  east  as  Page 
County,  Iowa.  A  second  rock  is  the  greenish  quartzite  capping  the 
buttes  of  the  Bijou  Hills  system.  This  stone  seems  not  to  retain  its 
hardness  when  exposed  to  the  action  of  alkaline  waters,  for  bowlders  of 
this  rock  are  rarely  found  far  from  their  original  position  without  show- 
ing much  disintegration.  The  next  two,  from  the  Cretaceous,  furnish 
bowlders,  but  they  last  for  only  a  short  time  and  are  found  rarely  at 
much  distance  from  their  original  beds.  They  are  the  "chalkstone"  and 
the  Dakota  sandstone.  Under  the  infiuence  of  moisture  and  shearing 
stress  one  quickly  changes  to  clay  and  the  other  to  sand.    Fossils  from 
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the  one  and  pebbles  from  tbe  other  are  not  infreqaently  found.  The 
largest  bowlders  from  the  Cretaceous,  though  rarely  over  a  foot  in 
diameter,  are  fhigments  of  large  blaiah  limestone  concretions  from 
the  Beaton,  and  nsnally  shov  a  septanao  stnictare;  they  are  not 
common,  bat  seem  quite  datable.  lQt«*e8ting  erratics,  bat  rarely 
more  than  i  inches  in  width,  are  derived  from  the  Pierre  and  Bea- 
ton. They  are  fragments  of  clay-ironstone  concretions,  which  on 
weathering  become  hollow  pebbles  of  limonite.  The  last  is  by  far  the 
most  important.  It  is  the  well-known  qaartzite  which  exists  in  exten- 
sive ledges  through  southern  Hionesota  and  westward  as  for  as  tbe 
vicinity  of  Mitchell.  Its  structure  is  favorable  to  the  formation  of 
bowlders,  being  naturally  divided  into  blocks  by  numerous  joints  and 
seams  of  stratification.  Furthermore,  its  indestructibility  preserves 
the  bowlders  when  passing  through  the  ordeal  of  glacial  and  glacio- 
oataut  action.  Red  qaartzite  bowlders  are  rarely  over  5  feet  in  length. 
The  most  western  point  where  this  rock  was  exposed  to  the  abrasion 
of  the  ice  is  at  Bockport.  Another  point  farther  west  is  found  on 
Enemy  Greek,  iu  sec.  20,  T.  102,  B.  69,  but  from  its  lower  position  seems 
never  to  have  been  eroded  by  the  action  of  the  ice.  The  most  western 
point  in  the  moraine  and  the  deposits  outside  at  which  red  quartzite 
bowlders  have  been  found  is  in  a  line  nearly  due  south  of  Bockport,  on 
How  Creek,  in  northern  Nebraska.  It  is  not  unlikely  that  an  extended 
search  in  tbe  Choteau  Creek  Hills  may  discover  them  there,  but  as  yet 
none  have  been  observed.  From  this  point  they  increase  rapidly  in 
numbers  toward  the  east.  This  distribation  corresponds  with  the 
direction  of  the  glacial  scratches  at  liockport  and  vicinity,  which  is 
southeast 

Another  interesting  point  in  the  distribation  of  the  red  quartzite 
bowlders  is  that  they  are  very  abundant — 70  to  90  per  cent  of  all 
erratics — in  tbe  north  end  of  Turtle  Bidge,  southwest  of  Turtle  Bidge 
Creek  and  east  of  Olay  Creek,  but  outside  (north  and  west)  of  those 
streams  they  are  rare.  This  is  so  noticeable,  that  it  has  attracted  the 
attention  of  the  residents  of  the  region.  This  corresponds  with  the 
distinction  between  the  first  and  second  moraines. 
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OHAPTBB    III. 
THE  DRIFT  REGION  OUTSIDE  OF  THE    OUTER  MORAINE. 

The  drift,  by  which  we  mean  any  deposit,  whether  bowlder-clay, 
sand,  or  gravel,  containing  erratics  which  show  marks  of  ice  action, 
extends  for  greatly  varying  distances  outside  of  the  moraine.  As 
already  stated,  the  erratics  are  mainly  from  the  Archean  and  Silarian 
rocks.  The  region  under  consideration  is  nstarally  separated  into  the 
following  divisions,  which  may  be  designated  according  to  the  portions 
of  the  moraine  corresponding  to  their  inner  boundary. 

What  we  shall,  for  convenience,  style  the  Red  Lake  region,  inclndes 
all  territory  lying  ontside  of  the  moraine  from  Tnrtle  Point  and  the 
moraine  weat  to  the  vicinity  of  Pratt  Greek,  embracing — 

The  PoQca  reach,  extending  firom  the  mouth  of  Pratt  Creek  to  the 
month  of  the  Niobrara. 

The  loess  region,  extending  on  its  northwestern  border  from  the 
mouth  of  the  Niobrara  to  Sioux  Falls. 

The  Ootean  des  Prairies  r^on,  extending  ftom  Sionx  Falls  to  Ver- 
milion Point  and  beyond. 

In  each  case  the  outer  limit,  as  before  stated,  is  the  limit  of  the  drift. 
Each  region  presents  characters  peculiar  to  itself.  The  flrst  occupies 
an  extensive  external  angle  of  the  moraine  and  presents  the  peculiarity 
ofdriftleas  areas  rising  as  islands  above  the  sheet  of  investing  drift. 
Tbesecond  is  long  and  quite  narrow, being  confined  almostwholly  to  the 
present  gorge  of  the  Missoari.  The  third  is  covered  with  a  continuous 
sheet  of  drift,  and  that  again  with  a  blanket  of  loam  or  loess.  The 
fourth,  like  the  flrst,  occupies  an  extensive  angle  of  the  Missoari,  bnt 
presents  no  driftless  islands  and  is  only  partially  covered  with  the 
loess. 

RED  LAKE  REGION. 

Topographically  this  region  consists  of  a  broad,  basin-like  widening 
of  the  more  elevated  or  ani>erficial  portion  of  the  valley  of  the  Missoari, 
from  the  vicinity  of  the  Great  Bend  to  the  vicinity  of  the  Byou  Hills, 
It  may  be  compared  to  a  great  lake  bed  in  which  wide,  shallow  chan- 
nels have  been  eroded,  and  then  at  a  later  stage  some  of  the  principal 
ones  have  been  narrowed  and  cat  down  to  thrice  their  original  depth. 

The  region  is  bounded  on  the  north  and  east  by  the  moraine.  On 
the  west  its  boundary  may  be  given  provisionally  as  follows :  From  the 
Missouri  above  the  Great  Bend  along  the  west  side  of  Medicine  Creek 
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to  the  Ticiuity  of  Medicine  Batte;  thence  past  Bed  Bntte  soatb  aoroas 
White  Elver;  thence  curving  soatheast  to  Waterholes  Greek,  5  or  6 
miles  above  its  mouth;  thence  along  the  eastern  side  of  its  abrupt 
valley  to  the  Missouri,  which  it  closely  follows  down  to  the  mouth  of 
Snake  Creek.  This  boundary  is  mainly  determined  by  the  distribn- 
tion  of  bowlders,  which  are  sparsely  scattered  over  the  older  deposits 
of  the  country.  The  uudeilying  rocks  of  the  region  are  Pierre  clays, 
which  were  evidently  much  eroded  before  the  deposition  of  the  drift 
The  Tertiary  also  is  represented  by  quartzite,  gravels,  and  probably 
some  clays,  capping  the  buttes  along  the  sonthem  and  western  border. 


Fia. ».— BUou  HUk,  tnm  the  north. 

The  bottom  of  the  pre-Olacial  basin,  as  indicated  by  the  coarse  of  the 
streams  as  well  as  by  direct  observation,  was  in  the  vicinity  of  Oham- 
berlain,  Aronnd  the  edge  of  the  basin  to  the  west  and  south  are  iso- 
lated buttes  capped  with  a  greenish  Tertiary  quartzite.  A  range  of  these 
begins  with  the  Byon  Hills  and  extends  in  a  nearly  continuoas  range 
westward.  (See  figs.  12  and  13.)  Similar  buttes  are  found  southwest 
of  the  Great  Bend,  one  of  the  more  conspicuous  being  Medicine  Butte, 
about  16  miles  west-northwest  from  Chamberlain. 

The  drift  which  covers  this  region  varies  in  thickness  from  20  to  80 
feet  along  the  eastern  side  to  merely  scattered  bowlders,  as  is  usually 
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the  case,  west  of  the  Missouri.  These  become  fewer  and  smaller  to  a 
scarcely  determinable  edge.  On  the  east  side  of  the  Missouri,  between 
it  and  the  moraine,  is  a  nearly  continuous  sheet  of  till,  which,  as  else- 
where, is  yellowish  above  and  reddish  or  bluish  below.  The  surface  of 
this  till  is  nnlike  that  which  is  found  inside  of  the  moraine  in  that  it 
combines  the  usual  features  of  erosive  topography  with  faint  traces  of 
such  basins  as  are  found  within  the  moraine.  The  average  height  of 
hills  above  minor  valleys  is  firom  30  to  50  feet.  The  elevation  of  the 
broad  swells  or  uplands  above  the  principal  valleys  is  from  125  to  200 
feet.  Basins  are  rarely  over  5  feet  in  depth  and  an  acre  in  area.  More- 
over, inaity  of  these,  by  their  position,  suggest  the  idea  that  they  are 
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dne  to  the  imperfect  filling  of  old  tribatary  valleys.  They  were  noticed, 
especially  aloug  the  nortbweHt  side  of  the  Bed  Lake  Valley,  about  50 
feet  above  its  bottom.  The  accamulation  of  an  indiBtiact  terrace  below 
that  level  may  be  cooceived  to  have  filled  the  side  valleys  at  the  month 
more  than  f&rther  back.  The  snrface  is  rarely  too  rough  for  tillage, 
except  in  the  banks  of  preseuC  streams.  The  higher  portions  aie  cov- 
ered, west  and  north  of  Red  Lake,  with  6  to  10  feet  of  yellow  silt  or 
loess.  This  hides  bowlders,  which  are  seldom  seen  except  below  60 
feet  above  the  bottom  of  Red  Lake  Valley.  In  places  there  are  traces 
of  a  terrace  at  about  that  height,  as  has  been  already  stated,  but  bowl- 
ders are  not  confined  to  it,  and  are  probably  more  noticeable  below 
that  level,  because  the  loess  has  there  been  frequently  removed. 
Everywhere  there  is  a  rich,  black,  loamy  soil,  except  in  basins  and  low 
flats,  where  "  alkali "  clay  abounds. 

To  the  general  statement  that  the  region  between  the  Missouri  and 
the  moraine  is  covered  with  till,  the  following  notable  exceptions  must 
be  made:  First,  the  region  bounded  on  the  north  by  a  shallow  valley 
running  along  the  north  line  of  BuETalo  County  from  the  Missouri  to 
Boxelder  Greek,  thence  along  that  stream  on  the  east  to  its  junction 
with  Crow  Creek,  and  thence  by  an  undetermined  line  to  a  bend  in  the 
Alisaonrl  abont  5  miles  above  Chamberlain.  Over  this  region  the  drift 
is  absent,  except  in  the  form  of  bowldery  terra<;e8  along  the  principal 
streams,  and  elsewhere  sparsely  scattered  bowlders,  perhaps  one  to  the 
square  mile.  The  surface  of  this  region  presents  gentle  declivities, 
except  close  to  larger  streams,  where  the  underlying  clay  has  been 
excavated  into  yawning  ravines.  The  deep  unbrokeD  valleys  lie  about 
100  feet  below  the  broad  rounded  swells  which  separate  them.  The 
soil  on  the  upland  is  a  fertile,  black,  loamy  clay.  The  sides  of  ravines 
are  barren.  The  highest  portions  above  Crow  Creek  are  abont  1,770 
feet  above  the  sea,  or  450  feet  above  the  Missouri.  The  highest  sum- 
mit sooth  of  Crow  Creek  and  one  a  few  miles  northwest  of  Chamberlain 
may  be  a  few  feet  higher,  but  neither  rises  to  the  height  of  the  till 
near  Bijou  Gap. 

Another  and  more  perfect  exception  is  found  in  the  western  Bijon 
Hills,  including  the  western  end  of  the  East  Bijou,  the  West  Bijoa, 
the  buttes  which  stand  in  the  gorge  of  the  Missouri,  and  the  summit 
of  a  smaller  bill  northwest  of  Bijoa  Gap.  Upon  all  these  no  drift,  not 
even  scattered  bowlders  or  pebbles  of  drift  origin,  is  found  above  the 
altitude  of  1,885  feet,  or  6C5  feet  above  the  Missouri  at  Chamberlain. 

The  distribution  of  drift  in  the  East  Bijou  is  peculiar,  and  as  it  aGfords 
a  contrast  to  the  cases  in  band,  we  will  consider  it  more  fully.  The 
hill  Is  a  long,  narrow  bntte,  nearly  6  miles  long  and  over  a  mile  wide 
near  its  western  end,  and  300  feet  in  height.  The  eastern  end  is 
wrapped  in  a  heavy  covering  of  bowldery  drift,  as  is  aU,  except  a  sickle- 
shaped  spur  about  a  mile  in  length  and  nearly  equal  in  height  to  the 
rest  of  the  hill,  which  extends  northwest  from  the  body  of  the  hill  and 
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carvee  aroTtad  toward  the  sonthvest.  TbiB  spur,  with  a  sharp  south- 
west angle  of  the  hill,  iucloses  an  amphitheater  which  opens  to  the 
Boothwest.  The  southwest  angle  of  tlie  hill  13  covered  with  bowlder 
clay  npoD  its  southern  and  western  slopes  to  the  depth  of  aboat  30  feet. 
The  top  of  the  northwest  spur  is  wholly  without  drift,  except  on  its 
outer  slope.  In  the  amphitheater  bowlder  clay  rises  to  the  1,885-foot 
level  in  foothills  which  show  a  gentler  slope  than  the  liill  itself.  A 
ooDical  hill  lying  a  little  detached  from  the  north  side  of  the  hill  is 
also  driftlesB.  The  edge  of  the  till  on  the  flat  sammit  of  the  hill  ends 
in  a  slope  to  the  northwest,  its  trend  being  northeast-southwest. 

West  of  the  Missouri  ouly  scattered  bowlders  are  found  remote  &om 
the  immediate  vicinity  of  the  gorges  of  the  Missouri  and  White  rivers, 
except  a  gravel-topped  plateau  several  miles  in  extent  Bonthwest  of  the 
month  of  White  Biver  and  sonth  of  American  Crow  Greek,  3  or  4  mites 
from  the  MiBSOuri.  Masses  of  drift,  both  gravel  and  bowlders,  are 
also  found  capping  extensive  terraces  along  both  the  Missouri  and  the 
White  rivers  irom  200  to  250  feet  above  the  present  level.  These  will 
be  more  fully  described  in  the  chapter  on  terraces. 

Along  the  south  side  of  the  old  valley  of  White  River,  which  is  2 
miles  in  width,  and  in  which  the  present  gorge  is  excavated  to  the 
depth  of  200  feet,  extends  a  very  con.spicuous  elevated  plain  covered 
with  gravel,  estimated  to  be  2  or  3  miles  wide  and  extending  along 
White  Biver  at  least  5  miles.  It  is  much  eroded  by  ravines.  Its 
pebbles  are  mostly  of  western  origin,  as  jb  indicated  by  the  great  num- 
ber of  glassy,  white,  dark,  and  black  quartz,  and  fragments  of  chal- 
cedony seams.  Granites  and  wliite  limestone  and  other  northern 
bowlders  are  prominent  on  the  sides  of  the  ravines  and  scattered  less 
frequently  on  the  level  surface.  This  plain  lies  about  3o0  feet  above 
White  Biver.  Along  the  southern  side  of  this  plain  lies  a  low  swell, 
about  20  feet  in  height,  on  which  there  is  a  great  profusion  of  bowlders 
of  all  sorts;  28  granite  bowlders  from  1^  to  4  feet  in  diameter  were 
counted  in  going  up  the  ridge,  one  being  C  by  4  feet.  A  little  south, 
and  about  26  feet  uigher,  blocks  of  Byou  quartzite  are  abundant,  and 
Cretaceous  clay  occupies  the  eroded  but .  gradually  rising  surface  for 
4  or  5  miles  farther  sonth.  At  that  point  a  clustor  of  flat-topped  hills 
rises  about  75  feet  above  the  surrounding  plain  and  about  550  above  the 
Missouri.  They  are  considerably  eroded,  as  though  they  were  only  the 
remnant  of  a  mucli  more  extensive  gravelly  plain.  Their  preservation 
may  be  partly  due  to  the  greater  thickness  of  deposit  at  that  point, 
but  are  more  probably  due  to  tlie  fact  that  tbey  lie  on  the  summit  of 
the  watershed  between  White  Kiver  and  Waterholes  Creek.  Their  hills 
are  capped  with  a  deposit  of  western  gravel  5  to  10  feet  in  thickness, 
resting  on  a  drab  colored  loam.  Upon  these  hills  were  found  a  few 
bowlders,  one  a  dark  horobleridic  gneiss  3  feet  in  diameter,  another  of 
gray  granite,  smaller.  Upon  the  crest  of  the  watershed  southeast  of 
these  hills  several  other  bowlders  were  found,  but  none  to  the  south 
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or  soatlieast,  except  tvo  on  the  sammit  of  a  eimilar  butte  3  or  4  miles 
soatheast  of  the  last-tneationed  hillB,  which  rise  to  the  aame  level. 
Upon  this  were  foaod  a  large  bowlder  of  white  limestone,  about  5  feet 
long,  and  a  smaller  one  of  gray  granite.  Similar  bottes  farther  sonth, 
rising  from  the  valley  of  the  Waterholes,  showed  abandant  blocks  of 
Tertiary  qoartzite,  bat  few  pebbles,  and  no  traces  of  northern  drift. 

Excepting  the  cases  already  mentioned,  no  northern  bowlders  were 
foand  over  the  region  south  of  White  River.  Immediately  east  of  these 
hills  is  the  wild  gorge  of  Waterholes,  and  west  the  shallower  val- 
ley of  a  tribotary  of  White  River.  If  traces  of  drift  were  formerly 
more  abundant,  as  is  possible,  the  great  erosion  connected  with  these 
valleys  has  removed  them.  The  deposit  along  American  Grow  Creek 
is  mostly  on  the  sonth  side,  24  miles  from  the  Missonri.  It  closely 
resembles  the  extensive  gravelly  plain  sonth  of  the  White  River,  before 
described.  It  lies  at  an  altitude  of  about  350  feet  above  the  Missouri. 
It  is  about  a  mile  in  width  and  dips  slightly  to  the  north  and  east. 
The  region  between  the  lower  portion  of  Medicine  Creek  and  the  Mis- 
sonri has  not  been  closely  examined,  bat  from  its  general  appearance  from 
the  top  of  Medicine  Butte,  and  its  elevation,  it  is  unhesitatingly  put 
down  as  belonging  to  the  scattered  bowlder  region.  In  the  valley  of 
Medicine  Creek,  west  of  Medicine  Butte,  no  trace  of  drift  was  found, 
but  on  the  summit  of  the  watershed,  about  2  miles  south  of  the  peak, 
drift  was  noticed.  A  ride  of  a  dozen  miles  to  the  southeast  disclosed 
none  except  in  the  close  vicinity  of  American  Grow  Greek.  The  gen- 
eral level  of  the  gently  undnhtting  plain  occupying  the  whole  region  is 
ftom  450  to  500  feet  above  the  Missouri. 

AKOIXNT  CHAKITELS. 

As  before  stated,  the  region  is  traversed  by  broad  valleys.  These 
are  found  for  the  most  part  to  coincide  with  present  streams.  Their 
elevation  above  the  Missouri  is  f^m  200  to300  feet.  One  valley  extends 
from  American  Creek  at  Pnkwana  soathwestward  past  Red  Lake  in  a 
direct  line  to  the  Missouri  River.  This  cfaaiinel  is  fi-om  1^  to  2  miles 
wide,  and  is  occupied  in  its  deepest  portion  by  Bed  Lake,  a  shallow 
body  of  water  4  miles  long  and  2  miles  wide.  It  is  named  fh>m  the 
abnndance  of  reddish  weeds  which  appear  along  its  shores  and  cover 
considerable  of  its  suri^wse  in  the  latter  part  of  summer.  Just  east  of 
Fnkwana,  and  extending  for  6  or  6  miles  up  American  Creek,  is  an 
ancient  lake,  which  has  been  filled.  The  level  surface,  the  eroded 
spurs,  and  the  sand  and  gravel  struck  within  a  few  feet  of  the  surface 
leave  no  doubt  concerning  the  fact. 

The  heads  of  these  various  valleys  connect  in  several  cases  with  gaps 
in  the  moraine.  Crow  Creek,  5  or  6  miles  southwest  of  Waterbury, 
crosses  the  moraine,  which  is  there  attenuated  and  broken.  The  north- 
em  and  larger  branch  of  Smith  Greek  in  a  similar  way  crosses,  jnst 
northwestof  Grow  Lake,  the  &intly  developed  loop  of  the  moraine,  which 
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is  pushed  south  down  the  west  side  of  Turtle  Bidge.  The  east  branch 
connects  with  the  internal  drainage  system  of  Tnrtle  Bidge  and  the 
gap  before  described  southeast  of  Crow  Lake.  Two  of  its  soathem 
tributaries  rise  near  the  moraine,  one  at  the  gap  near  White  Lake  and 
the  other  at  a  gap  5  miles  northeast  of  fiUmball.  American  Creek  heads 
on  the  moraine  near  Kimball,  and  receives  tribntaries  from  the  outer 
slope  of  the  moraine  farther  west.  Snake  Creek  beads  near  a  gap  or 
attenuated  portion  of  the  moraine  south  of  the  Bjjou  Hills.  Another 
vater  course  from  the  same  stream  extends  north  through  Bijon  Gap 
toward  the  lower  part  of  the  moraine,  north  of  the  East  B^oa. 

BOWLDER  RIDGES. 

A  remarkable  feature  of  these  valleys  in  their  apper  conise  is  the 
presence  of  numerous  sharp  bowldery  ridges  extending  parallel  with 
their  coarse.  These  resemble  those  already  described  in  connection 
with  the  gap  near  Crow  Lake,  and  probably  are  of  the  same  origin. 
They  are  from  6  to  15  or  20  feet  in  height,  and  frequently  show  a  clus- 
tered arrangement.  One  system  was  noticed  extending  along  the  south 
side  of  the  valley  of  Smith  Greek  near  LyonviUe.  Another  along  the 
tributary  valley  from  the  vicinity  of  Kimball.  Another,  less  conspicu- 
ous, was  noticed  along  the  American  Creek  Yalley.  In  this  case  a  tend- 
ency to  a  transverse  arrangement  was  noticed.  It  la  not  unlikely  these 
were  formed  in  a  different  way. 

OLD  WATBB  LINEi. 

Another  and  still  more  remarkable  featnre,  already  alladed  to,  is  a 
trace  of  water  lines.  This  was  first  noticed  in  the  vidnity  of  the  West 
Bijou  Hill.  As  one  ascends  its  northern  side  the  bowlders  suddenly  dis- 
appear at  an  apparently  horizontal  line.  I^one  are  found  upon  the  sum- 
mit, nor  anywhere  upon  the  southern  slope  above  that  lev^.  The  drift 
masses  on  that  side  lie  as  low  foothills  between  the  higher  spurs  extend- 
ing from  the  hill.  Erosion  has  frequently  made  the  line  between  the  two 
very  distinct  Upon  the  northern  slope  a  line  of  more  prominent  foot- 
hills, or  an  eroded  terrace,  corresponding  to  this  line,  is  quite  distinctly 
shown.  Around  a  high  conical  hill  about  3  miles  northwest  of  the  gap 
the  drift  is  found  to  disappear  at  about  the  same  level.  The  border  of 
the  driftless  region  south  of  Crow  Greek  has  not  been  examined  with 
reference  to  this  point.  West  of  the  Missouri  the  bowldery  ridge, 
already  mentioned  as  lying  south  of  White  Biver,  is  presumably  near 
the  same  level;  the  distance  between  the  two  localities  renders  an 
exact  determination  with  the  barometer  impossible.  Other  features 
of  the  upland  of  this  region  are  provisionally  referred  to  the  action  of 
currents  of  water.  In  the  channel  passing  through  B^oa  Oap,  a  little 
Booth  of  the  gap,  is  a  marsh  covering  several  acres.  Southeast  of  the 
gap  separating  the  West  Bijou  from  the  Brick  Kiln  Buttes  are  three  or 
firar  slight  basins  trending  southeast.    Trtuliug  southeast  ftom  each 
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of  tbe  Brick  Kiln  Bnttes,  thongh  now  detaclied  &om  them  by  circam- 
denudatioii,  is  a  long  Boatlieast  ridgo.  One  of  tbese,  vhere  stndiml, 
showed  itself  to  be  capped  widi  loess-like  silt,  altlioagb  its  core  is 
largely  Oretaceoae  clay.  Southeast  of  Medicine  Butte  is  a  shallow 
marshy  basin  covering  perhaps  2  square  miles.  Its  longer  axis  points 
toward  a  sag  iu  the  low  swell  running  east  from  tbe  butte.  South  of 
this  lake  3  or  4  miles  are  two  much  smaller  marshy  basius  in  a  broad 
sag  mnning  southeast  to  the  valley  of  American  Crow  Creek. 

ELEVATIONS. 

The  elevation  of  the  prominent  points  of  tbe  region,  as  given  in  the 
subjoined  table,  will  Punish  a  more  accurate  idea  of  ittt  topography: 

JileratUnu  in  tht  Bed  Lake  region. 

oapt  tfaoM  mcrked  r,  which  are  derived  tttm  nllnnd  IsTela.) 


MigsoDrl,  foot  of  tireat  D«di1 

Summit  of  drift  terrace  id  tbe  Itead 

Dlnffa  east  of  Tiver 

Summit  between  HiBsonri  u)d  Boxelder,  10  miles 


Boxelder  Cieok  ei 

OntTelly  terrace  Just  treat 

Summit  of  moraine  northeast 

Miwonri  at  Fort  Thompaou 

Drift  terrace  east 

Summits  11  and  16  miles  east 

Valley  of  Elm  Creek  between 

Boxelder  Creek 

Terrace  just  east 

Moraine  4  miles  east  of  Boxelder 

Medicine  Butte 

Lalie  southeast 

Plain  east,  average  level 

Bluffs  west  of  Chamberlain 

River  at  Chamberlaia 

Bluffs  east  of  Chamberlain 

Summit  5  or  6  miles  northeast  of  Ctiaraberlain 

Gravelly  terrace  betweeo  Smith  and  Crow  i;reeks . . 

Samm it  5  miles  northeast  of  Pakwana 

Pnkwana 

Ancient  lake  northeast 


Aborethej    AboTe  the 


1,590 
1,696 

1,780 
1,610 
1,735 
1,790 

1,311 
1,660 
1,760 


1,765 
3,100 


1,750 
1,645 
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Loiallty. 

AboTetl« 

AboYB  the 

204 
458 
500 
326 

570 
510 

1    - 

FtH. 

r  1,525 

rl,779 
1,820 
1,645 

1,880 
1,800 
1,665 
1         1,545- 
1        1,500 
1,308 
1,610 

1,765 
1,930 

1,775 
1,790 
1,740 
1,290 
2,000 
1,890 
1,980 
1,749 
1,880 
2,000 

Grarel-toppedbntt«s5or6mUe8«>nthwestofmoath 

OraTdlj  plain  aonth  of  oW  valley  of  White  River. .. 
TerTMe  of  Whits  Kiver  6  or  8  milea  above  its  month. 

300 

460 
620 

High  hill  south  of  the  j  unction  of  Red  Lake  Ontlet 

500 

460 

710 

690 
460 
590 
710 

NOTES  FBOM  WELLS  AKD    OTHEB  EXPOSUBES  IN   THE    BED   LAKE 
BBQIOK. 

!Natar&l  expoaarea  diBplaying  the  drift  are  almost  entirely  wanting. 
Burrows  of  badgers  and  pocched-rats  not  infreqaently  display  the  sub- 
soil, but  no  more.  Wells,  the  only  artificial  excavations  available, 
rarely  pierce  through  the  drift,  and  are  generally  so  curbed  as  to  afford 
no  opportunity  for  direct  examination.  The  statements  of  well-diggers 
and  other  reliable  persons  who  were  present  when  the  well  was  dag, 
with  illustrative  material  around  the  mouth  of  the  well,  have  been  nec- 
essarily the  main  reliance  in  most  of  the  cases  tabnlated  below.  Bed 
Lake  is  given  as  a  base  of  reference.  Steep  banks,  mostly  grassed 
over,  have  supplied  a  little  information,  which  is  in  general  valuable, 
but  not  exact. 
B0U.I6E 
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Data  from  welli  and  other  tzpoiurtt  In  the  Red  Lake  region, 
[Thate  dAta  were  eoUected  before  ISSS.    Tbars  bu  been  do  spporl  unity  (e  Ubulale  I 


Blention 

Loatlty. 

BbOTB 

D«criptlon. 

Pti. 

Bottom   of  TOTlne,  4 

45 

milM  Test  of  Pnt- 

Three  milsR  wMt  of 

105 

TO  feet  yellow  till  above,  the  rest  bine 

PnkwaM. 

pebbly  clay  j  1  foot  water.                             | 

100 

17  feet;  plenty  of  water. 

of  luBt,  in  a  baBiD. 

j 

Pukwuto,  on  terrace 

10 

12  feet  yellow  till  above,  3  feet  water;     ' 

of  an  old  lake. 

abundant  water. 

76 

3  feet  black  soil.  8  feet  yellow  till,  lime-    ! 

ofRedLal[e,edgeof 

stone  and  other  pebbles,  blue  till  in  the     1 

baain. 

bottom.                                                              I 

Three  miles  vest   uf 

65 

60   feet  throngh  yellow  till  and  gravel,     j 

Red  Lake. 

"no  bine  clay;"  good  water.                        ! 

One    mile    Booth    of 

40 

16  feet  soil,  yellow  till  and  saud,  24  feet 

ftonth  end   of   Red 

WnetUl;  nowatw.                                         j 

Lake. 

Another  near  b7 

40 

16  fe«t  yellow  till  and  sand,  20  feet  bine  1 
till;  no  water. 

AltttleweKtof  last... 

40 

14  feet  soil,  yellow  till  and  nnnd.bliie  till 
toQched;  plenty  of  water. 

15 

3  to  4  feet  soil,  25  feet  yellowish  and  vtd- 

Red  Lake. 

dish  pebble  clay,  and  sand  below. 

Five   miles   Bouth- 

160 

A  few  feet  yellow  loamy  till;  pebbles  not 

Bonthwest   of   Red 

very  nnmerous. 

Lake. 

One-half  mile  east  of 

160 

Large   pile  of  reddish-gray  pebbly  olay 

laat,iD»  basin. 

tbrovm  ont. 

Five  miles  north  of 

21B 

B  to  8  feet  "old  soil,"  6  to  7  feet  yellowish 

WestBiJoa. 

■ilt  with  calcareous  concretions. 

Eighty  rods  nortJi  of 

270 

6  feet  yellow  till,  little  soil  (a  cellar). 

WeBtBijon,oii  knoll. 

A  mile  west  of  south- 

235 

40  feet  Boil,  then  yellow  pebble  day.  then 

west  angle  of  East 

sand,thenblaishdirtwbichgrewhftrder, 

Bijon,onatidg6. 

52  feet  Boapstooe. 

At  foot  of  southwest 

210 

40  feet  loose  clay. 

MgleofEsstBiJon. 

RED  LAKE  DBIFT  REOIOK. 
Vatafrvst  Ktll*  and  other  aponrta  in  the  Red  Lata  rtgion — ContluDod. 


LaoMlitj. 

BkTBtton 
Liks. 

FKt. 

Two  And  one-balf 
miles  aoQthwest  of 

ISO 

aoutbweat  tugle  of 

Ea«t  Bijou. 
8m.  28,  4  miLes  BoQlh 

280 

AU  hlaisb  clay. 

ofEaBtBijDi],BOQth- 
■weat  slope  of  hiitb 
faill. 

See. 2S,  west  center  ... 

245 

water.                                                          I 

ner,  in  a  raviiie. 

230 

IB  feet  yellow  clay,  a  little  water,  IS  feet    ' 
bine  pebble  clay,  4  feet  "black  Roil," 

South  of  weat  end  of 

226 

38  feet  yellow  pebble  clay  above,  "black 

Weat  BiJDD. 
Blnff  I  mile  nortbeut 

85 

60  feet  drift. 

ofCbftDibeilftiii. 

BlnffB  W8t  of  Chuu- 

bralain. 
B]iiffs2iiiUeasoQtliof 

Blnffi  soDth  of   Sed 

116 

145 

240 

5  to  10  feet  loem,  70  to  76  feet  drift,  »  red- 
diih  cbecky  clay  60  feet  below  top. 

5  feet  Boil  and  loeaa,  11  feet  yellow  nnd 
drab  dirty  eand,  40  feet  pebbly  clay, 
quite  gravelly,  above  drab  clay. 

20  feet  drift  above,  yellow,  loamy,  bowl-    : 

Lake  Outlet. 

deiy  clay  below,  a  gravel  bed,  bowl- 
dereta,  60  per  cent  Bijoa  qnart^Ite,  25    ! 
per  oent  white  limestone,  some  bowldere 
2i  fbet  thick. 

EXPLANATOBT  HYPOTBBSES. 

Such  are  tbe  general  fa«t9  derived  from  a  study  of  the  region,  and 
we  naturally  took  for  aome  hypothesis  by  which  they  may  be  explained. 
There  are  but  two  which  present  themselves.  One  is  that  this  regioa — 
at  least  so  much  of  it  as  is  now  covered  with  till — at  some  time  previous 
to  the  formation  of  the  moraine  was  covered  by  the  ice  sheet,  which 
was  eithei  too  thin  or  occupied  the  re^ou  too  short  a  time  to  obliterate 
the  pre-Glacial  topography.  The  other  hypothesis  is  that  the  dispersion 
of  drift  was  accomplislied  by  floating  ice  in  an  expansion  of  the  Mis- 
Boori,  covering  the  region  contemporaneously  with  the  occupation  of 
the  moraine. 
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In  favor  of  the  first  theory  it  may  be  urged  that  till  ia  believed  by 
luaoy  to  be  an  ancient  groand  moraine;  also  that  the  occarrence  of 
basins  and  bowldery  ridges  resembling  those  of  glaciated  areas  can  not 
be  otherwise  explfuned.  Furthermore,  topographical  conditions  seem 
somewhat  favorable  for  the  extension  of  a  lobe  westward  between  White 
Lake  and  the  Bijon  Hills^  and  sach  corresponds  well  with  the  observed 
distribution  of  till. 

Against  this  hypothesis  the  following  considerations  may  be  nrged: 

First.  If  we  make  the  extension  of  the  ice  correspond  to  the  present 
distribntion  of  till  we  must  suppose  such  an  extension  both  north  and 
south  of  the  B^on  Hills  by  an  ice  sheet,  which,  at  least  aronnd  the 
West  Bijou,  conld  nob  have  been  more  than  100  feet  in  thickness,  and 
extending  on  that  level  at  least  3  miles  aronnd  the  East  Byoti,  while  in 
less  than  40  rods  it  mast  have  risen  fh>m  100  feet  to  considerably  over 
300  feet  in  thickness.  Or,  if  we  postulate  first  a  thin  ice  sheet  of  greater 
extent,  and  later  a  much  thicker  one  of  less  extent,  we  find  no  adequate 
room  for  the  drainage  dnring  the  occupancy  by  the  second  ice  sheet. 

Second.  Such  an  extension  must  have  passed  more  than  16  miles 
beyond  the  moraine  about  Bed  Lake,  while  in  the  northern  portion  of 
the  region  it  extended  in  some  places  less  than  2  miles.  Such  differ- 
ence in  finctuation  at  nearly  or  quite  equal  altitades  is  incomprehensible. 

Third.  This  hypothesis  foils  te  offer  a  rational  explanation  for  the 
scattered  bowlders  which  cover  by  far  the  greater  portion  of  the  region 
under  consideration. 

Accepting  therefore  provisionally  the  other  hypothesis,  we  may  ex- 
plain the  facts  discovered  as  follows:  During  the  first  advance  of  the 
ice  sheet  streams  to  the  north  and  west  of  this  region,  finding  their 
courses  checked  to  the  east,  may  have  escaped  around  the  edge  of 
the  ice;  at  first  uttand  north  of  the  Wesslngton  Hills;  later  down  east 
of  the  Bee  HiUs  southeast  to  White  Lake;  still  later  from  the  Great 
Bend  to  the  White  Biver  and  north  of  the  Bijon  Hills.  Or,  if  we 
assume  that  the  Missouri  In  this  region  dates  back  to  pre-Olacial  times, 
we  may  forego  these  soppositions.  Bnt  finally  the  ice  reached  the 
Bijon  Hills  and  soon  after  its  greatest  extent  to  the  month  of  Pratt 
Creek.  At  this  stage  the  water  over  the  Bed  Lake  region  rose  to  its 
highest  level,  deposited  the  scattered  blocks  everywhere,  and  began 
the  accumulation  of  till  along  the  southeast  side  of  the  basin.  The 
iufinx  from  the  White  Bivei  formed  the  highest  gravel  terrace,  which 
was  probably  rendered  the  more  easy  by  the  derivation  of  material 
firom  the  conglomerate  strata  of  the  buttes  near  by.  The  till  filled  to 
the  wat«r  level  iu  the  vicinity  of  Biyoa  Hills.  The  aocnmolation  of  the 
till  in  this  portion,  rather  than  elsewhere,  may  be  accounted  for  by  the 
occurrence  of  gaps  through  the  moraine^at  that  time,  of  course,  larger 
than  later — north  of  Kimball  and  north  of  the  Bijous.  The  ice  lobe  of 
the  Bee  Yalley  may  not  have  attained  its  maximum  extension  at  this 
stage  because  of  the  greater  elevation  of  ite  bed. 
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The  oatlet  of  this  basin  through  the  B^oas  aod  around  the  ice  at 
Piatt  Creek  probably  soon  cut  down  to  the  350-foot  level  by  the  deep- 
ening of  the  channel  west  of  the  B^oob,  Thetill  continued  to  form  In 
the  Bontheast  portion.  The  lower  gravelly  terrace  sonth  of  White 
River  was  formed,  as  also  the  accumalatioD  soath  of  American  Grow 
Creek.  The  Ree  lobe  with  its  branches  had  meanwhUe  reached  its 
position,  and  the  high  bowldery  terraces  along  the  Missouri  at  the 
Great  Bend  and  along  Boxelder  Greek  were  forming,  and  the  upper 
portions  of  other  important  streams  of  the  region  were  outlined.  The 
formation  of  some  of  the  osar-like  ridges  in  these  valleys  are  possibly 
to  be  referred  to  this  stage. 

During  the  thinning  of  the  ice  sheet  these  streams  became  unasually 
laden  with  silt,  while  ice  blocks  became  rare,  because  of  the  stagnation 
of  the  ice,  and  a  thin  mantle  of  silt  overspread  the  region  below  this 
leveL  As  the  melting  of  the  ice  sheet  continued  in  its  recession  to  the 
position  of  the  second  moraine,  the  channels  were  gradually  deex>ened 
to  about  the  200-foot  level.  Most  of  the  osar-like  ridges  were  formed, 
and  faint  bowldery  terraces  of  the  Bed  Lake  channel,  which  may  be 
referred  to  a  reassortment  of  local  material  rather  than  to  that  direcUy 
derived  from  the  ic«  sheet. 

More  space  has  been  given  to  this  region  because  of  its  unusually 
clear  bearing  on  the  questions  connected  with  glacial  and  glacio-natant 
action,  which  will  be  further  considered  in  cnuDection  with  the  loess 
region,  where  the  phenomena  are  more  complicated. 


This  region  presents  striking  contrast  with  the  last.  It  is  narrow 
and  straight.  Its  outer  margin  at  no  point  is  more  than  3  or  1  miles 
fi:om  the  river,  nor  more  than  15  miles  from  the  inside  of  the  moraine. 
Its  southwestern  limit  ends  very  abruptly  along  the  edge  of  a  high  table- 
land corresponding  geologically  with  the  Byon  Hills,  and  rising  abruptiy 
450  to  600  feet  above  the  Missouri.  The  Missouri,  from  Pratt  Creek  to 
Fort  Randall,  lies  in  a  narrow  gorge,  &om  2  to  3  miles  wide  most  of  the 
way,  with  a  high  bowldery  terrace  along  its  left  bank,  at  an  elevation 
of  175  to  250  feet.  Lower  alluvial  terraces  are  scantily  developed.  On 
the  right  bank  the  frowning  edge  of  the  table-land  before  mentioned 
rises  abruptly  from  the  river,  except  in  the  bend  above  the  mouth  of 
"Whetstone  Greek,  where  the  bowldery  terrace  is  finely  developed,  and 
at  Fort  Randall,  where  a  high  alluvial  terrace  ia  found. 

Viewing  the  bluffs  sonth  of  Pratt  Greek  Gap  fh>m  about  12  or  15 
miles  north,  they  appear  rising  above  the  glaciated  plain  to  about  the 
same  height  as  the  Cedar  Greek  Hills  to  the  left,  which  are,  as  before 
stated,  a  portion  of  the  moraine;  and  they  are  at  a  lower  altitude  than 
the  ancient  water  level  in  the  vicinity  of  the  B^oa  Hills.    From  both 
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considerstions  it  vould  seem  impossible,  under  the  lacustrine  bypoth- 
esis,  that  they  should  not  at  some  time  have  been  more  or  less  covered 
with  drift;  nevertheless,  no  drift  is  now  found  upon  them,  and  not  even 
in  the  valley  of  WhetBtone  Creek  did  a  considerable  search  reveal  any 
bowlders  or  northeni  gravel.  This  is  the  more  remarkable  because  the 
sor&ce  of  the  country  drains  aonthward  into  Whetstone  Creek  from  the 
crest  of  the  bluffs  overlooking  the  Missouri  Giver  on  the  north. 

The  southwest  side  of  the  river  was  examined  again  near  Fort  Bon- 
dall,  and  nothing  was  found  higher  than  about  425  feet  above  the  river 
which  could  in  any  wise  be  considered  of  northern  origin  except  a  very 
few  scattered  pebbles.  The  examination  was  contdnaed  for  15  miles,  to 
the  Bommit  of  the  divide  between  the  Missouri  Biver  and  Ponca  Creek, 
600  feet  above  the  former.  Much  of  the  surface  traversed  was  about 
460  feet  above  the  river,  and  was  crossed  with  shallow  valleys  extending 
from  the  northwest  to  the  southeast.  The  surface-was  a  dark  loam,  bat 
the  subsoil  everywhere  showed  either  the  days  of  the  Cretaceous  or, 
upon  the  high  bills,  the  sands,  marls,  and  gravel  of  the  Tertiary. 

From  the  vicinity  of  Fort  i^ndall  to  the  month  of  Ghotean  Creek  the 
moraine  is  more  remote  from  the  river.  Its  outer  slope,  which  shows 
the  usual  billowy  appearance  of  hills,  is  ravined  by  two  or  three  con- 
siderable brooks,  which  rise  near  the  crest  of  the  moraine  and  run 
nearly  directly  south  to  the  river.  Their  upper  tributaries  occupy  a 
more  or  less  defined  valley  just  outside  of  the  moraine  and  parallel  with 
it.  This  slope  extends  down  to  the  high  terrace  before  mentioned, 
which  is  here  from  1  to  4  miles  wide.  This  terrace  shows  a  very  even 
snrfkce,  sloping  from  a  height  of  250  feet  at  its  outer  side  to  about  200 
feet  along  its  inner  edge.  An  interesting  feature  appears  about  5  miles 
northeast  of  Yankton  Agency,  where  the  northern  edge  of  the  terrace  is 
marked  by  an  abrupt  bank,  facing  southwest  and  extending  for  a  mile 
or  two.  It  is  over  76  feet  in  height.  Where  the  terrace  was  observed 
in  the  vicinity  of  Greenwood,  near  a  stream,  it  was  130  feet  above  the 
river.  There  it  is  capped  with  10  to  15  feet  of  silt,  below  which  it  is  very 
gravelly  and  contains  bowlders  for  a  dozen  feet  or  so.  Lower  down  it 
presents  the  usual  features  of  till.  About  4  miles  west  of  Gfaoteaa  Creek 
its  edge  is  200  fi»et  above  the  river.  Its  surface  is  free  from  bowlders 
and  pebbles,  being  generally  covered  with  a  deep  layer  of  silt.  Below 
this  a  layer  of  30  to  40  feet  of  loose  yellow  and  reddish  tall  prevails. 
Farther  east,  wh^re  its  surface  is  ravined  and  cut  into  knobs,  a  wonder- 
ftil  profusion  of  limestone  bowlders  is  found. 

Upon  the  south  side  of  the  river  the  table-land  before  mentioned 
retains  its  altitude  and  terminates  on  the  northeast  sharply  with  the 
top  of  the  river  bluffs.  It  continues  with  scarcely  diminished  height 
to  the  mouth  of  the  Niobrara,  where  it  terminates  abruptly. 

Along  this  portion  of  the  river  a  very  narrow  terrace  hanging  to  the 
abrupt  south  bank,  as  seen  from  a  distance,  was  judged  to  correspond 
to  that  on  the  north  side.    From  the  mouth  of  Ohotean  Greek  to  the 
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moath  of  the  Niobrara  the  ice  sheet  seems  to  have  abntt^d  closely 
upon  the  river,  mach  as  at  the  moath  of  Pratt  Greek,  bnt  without 
poshing  its  moraine  entirelf  into  it,  as  it  did  a  little  farther  east,  in 
Emauuel  Creek  Gap. 

Across  the  river  Ib  the  eastern  end  of  the  soathwestem  table-land, 
risiug  abraptly  from  the  junction  of  the  Niobrara  with  the  AEissouri  to 
the  height  of  a  little  more  than  300  feet.  At  this  point  it  ia  a  narrow, 
mach-eroded  ridge,  bat  within  2  miles  it  attains  an  elevation  of  400 
feet  and  becomes  a  table-land  more  than  2  miles  in  breadth,  which  con- 
tinaes  toward  the  west,  both  rising  and  broadening.  Its  slope  is  pro- 
nouncedly northward  toward  Ponca  Creek.  It  is  traversed  by  deep, 
narrow  valleys  niooiDg  in  that  direction  firom  the  very  edge  of  the 
bloffs  overlooking  the  Kiobrara,  These  blaffs  are  sometimes  even  lower 
at  the  head  of  the  valleys,  as  thoogh  the  escarpment  on  the  soath  had 
moved  northward  since  the  valleys  were  formed.  About  6  miles  west 
of  the  mouth  of  the  Kiobrara  heavy  deposits  of  western  gravel  were 
found  in  knolls  along  the  crest  of  the  bluffs,  about  425  feet  above  the 
level  of  the  river  at  Niobrara.  These  are  so  left  by  erosion  as  to  stand 
out  conspicuously  above  the  soxronnding  surface.  A  trip  was  taken 
along  the  line  of  the  trail  to  a  conical  bntt«  rising  about  60  feet  above 
the  general  slope  around  it  and  about  500  feet  above  the  river.  Upon 
it,  and  at  several  other  points,  numerous  large  blocks  of  Bijou  qaartzite 
are  fonnd,  bnt  not  the  first  trace  of  either  bowlders  or  pebbles  of  north- 
ern origin  are  seen  upon  the  generallevel  of  the  highland.  Both,  how- 
ever, are  foand  scattered  in  considerable  numbers  over  the  spar  at  the 
eastern  end  to  the  height  of  350  feet.  It  is  a  noticeable  fact  that  they 
occur  at  the  higher  levels  only  in  the  sags  upon  the  crest,  where  ero- 
sion would  be  least  likely  to  remove  them.  They  are  very  rarely  fonnd 
on  the  slopes  of  the  bluffs  or  upon  the  flat  at  their  foot.  The  limit  of 
the  drift  at  this  point  is  estimated  to  be  not  more  than  4  miles  from  tbe 
inner  border  of  the  moraine  where  it  is  developed  on  the  opposite  side  of 
the  river.  The  ice  sheet  must  have  been  much  nearer  at  its  maximum, 
and  when  we  remember  that  all  the  drainage  of  the  vast  western  edge 
of  the  ice  sheet  must  have  passed  this  point,  we  are  forced  to  inqaire 
why  the  stream  did  not  erode  its  way  farther  south;  why  it  did 
not  rise  in  its  flooded  stage  so^  as  to  carry  the  bowlders  (for  there 
moat  have  been  some  river  ice,  bearing  drift,  in  glacial  Ice  blocks)  to  a 
mooh  higher  level,  to  at  least  150  feet,  tbe  level  of  blocks  less  than  4 
miles  southeast.  It  is  clear  that  either  this  table-land  was  above  the 
level  at  that  time,  so  that  they  could  not  be  deposited,  or,  if  deposited 
at  a  lower  level,  erosion  has  b^n  sufficient  to  wholly-remove  them. 

The  before- mentioned  gravel  beds  along  the  Kiobrara  evidently  cor- 
respond in  elevation  to  the  extensive  sheet  of  gravel  south  of  the  town 
of  Niobrara.  From  a  distant  view  it  is  judged  that  these  beds  were  con- 
nected through  gravelly  ( T)  knolls  in  tbe  sharp  bend  of  the  Niobrara  a 
few  miles  above  its  mouth. 
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LOESS  REOION. 
BODITOABIES  AKD  SUKPACB. 

Alttaoagh  the  word  loeas  may  aaggest  the  whole  area  covered  by  that 
deposit,  the  bouadaries  of  that  region  are  so  vague  that  we  adhere  to 
our  original  plan  of  limiting  our  description  chiefly  to  the  surface  cov- 
ered with  drift.    We  therefore  tarn  our  attention  first  to  the — 
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This  also  has  been  less  accurately  determined  in  this  region  than  in 
the  preceding.  The  principal  difiQculties  met  in  an  attempt  to  deter- 
mine it  are  as  follows: 

1.  The  deep  and  almost  universal  covering  of  loeas,  which  extends 
mach  fkrther  westward. 

2.  The  gradual  passage  of  the  northern  or  glacial  drift  into  a  west- 
ern or  fluvial  drift,  which  has  been  foand  to  occur  along  the  principal 
streams  from  the  west.  The  distinctioos  which  have  been  relied  npon 
in  the  determination  of  the  former  have  been  the  occurrence  of  erratics 
of  red  qnartzite  and  white  and  yellow  Silurian  Hmestones;  also  the 
striation  and  abrasion  of  pebbles  peculiar  to  glacial  drift.  On  the 
other  hand,  the  western  drift  presents  lithological  cbaraoters  similar  to 
those  which  have  been  previonsly  recognized  in  the  discussion  of  the 
Eed  Lake  region,  and  the  pebbles  are  only  waterwom. 

3.  The  covering  of  the  northern  drift  by  the  western.  This  may  lead 
to  wrong  conclnsions  where  exposures  are  incomplete. 

i.  The  erosion  and  removal  of  the  drift  itself  underneath  the  loess. 
This  renders  the  upper  surface  of  the  drift  very  uneven,  and  because 
no  drift  is  found  npon  the  surface  of  a  hillside  one  may  fancy  that  none 
is  present,  where  an  exposure  may  reveal  it  as  not  only  present,  but 
rising  high  in  the  center  of  the  bill. 

So  far  &a  yet  determined  the  western  limit  may  be  stated  as  follows: 
From  the  junction  of  the  Verdigris  with  the  Niobrara  southeast,  pass- 
ing a  mile  or  so  east  of  Creighton,  5  or  6  miles  east  of  Plainview,  and 
east  of  Fierce  to  the  vicinity  of  Norfolk;  thence  south  along  the  west- 
ern line  of  Stanton  County,  swinging  to  the  east  in  Ool&x  County  to 
the  vioinity  of  Bichlaud;  thence  in*the  same  direction,  passing  3  or 
4  miles  east  of  David  City,  south  along  the  east  side  of  Plam  Greek  to 
the  vicinity  of  Sewanl;  thence  south  and  southwest,  passing  west  of 
Nerval  post-ofBce  to  the  vicinity  of  Friend ;  thence  southwest  indefi- 
nitely. That  one  may  estimate  as  justly  as  possible  the  value  of  this 
determination  the  subjoined  data  are  given. 

1.  Localities  visited  which  are  beyond  the  drift,  with  a  few  others 
reliably  reported : 

(a)  No  drift  is  found  anywhere  west  of  the  Verdigris'  nor  between 

■Later  inTMUgaticm  Iiw  developed  the  occnrrenoe of  ■  few  a^eniCiii  boirldera  npoo  tbo  hSgh  teiraoe 
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the  Verdigris  and  Bazile  south  of  Sparta  poat-offlce.  The  Tertiary  and 
Oretaceoas  rocks  appear  in  that  regioo  in  Beveral  places  below  the  loess 
ivithoat  the  drift  intervening.  (6)  On  the  south  side  of  the  valley, 
at  Plaioview,  a  bed  of  western  gravel  several  feet  in  thickness  was 
observed,  bat  not  the  slightest  trace  of  uortfaern  erratics.  None  have 
been  found  after  a  persistent  search  apon  uplands  for  several  miles  west 
and  north  of  that  town,  (e)  The  Tellowbank,  north  of  Battle  Greek, 
exposes  a  straight  section  120  feet  high,  in  which  60  feet  of  fine  sand 
rests  on  the  horizontal  surface  of  60  feet  of  compact  drab-colored  clay; 
□o  fossils  or  pebbles  in  either.  On  a  side  hill,  a  little  northeast,  con- 
siderable western  gravel  was  found,  but  no  northern  erratics.  { d)  From 
Norfolk  to  Golnmbos  no  drift  was  noticed  in  passing  on  the  cars  and 
none  learned  of  by  inquiry,  (e)  On  a  high  steep  hill  facing  Shell  Creek, 
near  Platt«  Center,  numerous  pebbles  and  a  few  bowlderets  were  found 
resting  on  Tertiary  clays.  Kone  were  of  distinct  northern  origin ;  none 
were  striated,  and  most  have  a  decidedly  western  oharacter.  (/)  In 
numerous  deep  cuts  north  of  David  City  and  in  the  south  side  of  the 
Platte  Valley  no  pebbles  of  any  sort  were  found,  (g)  Four  miles  sonth 
of  David  City  a  recently  bored  80-foot  well  showed  only  a  few  western 
waterwom  pebbles  in  a  yellow  clay,  {h)  The  ananimons  testimony  of 
well  diggers  is  that  west  of  Plnm  Creek,  which  runs  south  from  near 
Brainard  to  Seward,  no  "  hard  heads "  or  pebbly  clay  are  struck  in 
wells,  though  they  are  uniformly  mach  deeper  than  those  east  of  that 
line.  In  both  regions  the  deposits  are  similar  down  to  what  is  eom- 
mouly  called  the  "  old  soil."  Below  that  point  those  west  of  the  line 
indicated  show  sand  only,  while  those  east  exhibit  bowldery  clay. 
(*)  Hothing  bat  western  gravel  was  fonnd  in  the  vicinity  of  York,  and 
general  testimony  is  to  the  effect  that  no  "  hard  heads  "  or  pebbly  clay 
are  fonnd  west  of  Seward. 

2.  On  the  other  hand,  in  the  following  locaUties  the  glacial  drift  has 
been  directly  observed.  A  few  others  of  which  reliable  tuformatiou  was 
obtained  are  added,  but  carefully  distinguished. 

An  extensive  sheet  of  gravel  was  observed  sonth  of  Niobrara.  A 
thio  deposit  begins  a  mile  east  of  Oreighton.  There  are  numerous 
exposures  of  yellow  till  from  Osmond  east  for  6  or  6  miles,  and  there 
is  abundant  pebbly  clay  with  bowlders  at  the  insane  asylam  1^  miles 
northeast  of  Norfolk.  "Hard  heads"  are  reported  as  abandantS  or  4 
niileB  east  of  Pierce.  Yellow  and  blue  till  with  northern  bowlders  was 
found  on  Maple  Creek  in  the  northern  part  of  Colfax  County.  Bed 
qaartzite  pebbles  were  found  in  quantity  5  miles  northwest  of  Schuyler. 
Northern  bowlders  and  pebbles  are  abundant  on  the  bluffs  south  of  Lin- 
wood,  and  less  prominent  about  the  head  of  Bone  Creek  6  miles  east  of 
David  City,  also  south  of  Brainard  in  Butler  County.  Bowlders  abound 
on  hillsides  and  in  ravines  generally  east  of  Plum  Creek  and  of  the  Big 
Blue  in  Seward  County.  Drift  is  shown  several  feet  in  thickness  in  a 
high  bank  on  the  Big  Blue  9  miles  southwest  of  Milfbrd.    Bed  qnartzite 
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bowlders  and  other  traces  of  glacial  drift  were  observed  in  abaudance 
sooth  of  Pleasant  Hill  la  Saline  CjOUDty^  and  are  reported  in  the  vicinity 
of  Fairbory,  Jefierson  Connty. 

EASTERN  BOCKDARY   OP   GI.ACIAL  DRIFT. 

Theoretically  the  eastern  boandary  of  this  region  should  coincide 
with  the  extension  in  that  direction  of  drift  material  which  has  been 
dispersed  by  ice  of  the  Dakota  lobe  either  as  a  glacier  or  as  iceberi^. 
On  either  sappoaitioD  a  miagliug  of  material  with  that  which  was  dis- 
persed from  the  Iowa  lobe  would  be  dnavoidablej  conaeqaeiitly  there 
would  be  more  or  leas  drift  £rom  the  northeast  in  the  area  under  cou- 
sideratioQ.  So  far  as  is  known,  no  lithoiogical  distinction  which  would 
be  dedsive  in  this  case  can  be  drawn.  Bed  qnartzite  and  white  lime- 
stone erratice  are  found  inside  both  the  Dakota  and  the  Iowa  loops  of 
the  moraine.  The  rock  most  likely  to  be  of  service  in  this  respect  is  that 
from  the  Miaaouri  Goteau,  which  resembles  bahrstone,'  but  it  occurs  in 
sQch  small  fragments,  and  so  rarely,  that  it  must  be  of  little  serrice. 
The  phenomena  of  most  practical  value  which  are  likely  to  be  fonnd 
are  striee  apon  the  onderlying  rocks,  which  Rbow  motion  from  a  westerly 
direction.  Topographical  relations  may  also  have  some  weight.  So 
far  as  is  known  no  sach  striee  are  foand  in  tiiis  region  east  of  the 
immediate  valley  of  the  Missoori.  Farther  north,  however,  striee  are 
found  in  such  relation  to  the  Dakota  loop  of  the  moraine  as  will  warrant 
ns  in  placing  the  boundary  which  we  seek  far  east  of  the  Missouri.  In 
Uinnesota  striee  from  the  northwest,  or  even  from  more  nearly  west, 
are  fonnd  at  Pipestone,  also  at  a  point  7  mUes  south  of  Pipestone, 
according  to  Mr.  Warren  Upham  of  the  Minnesota  survey.  Kamerous 
strife  have  been  observed  also  north  of  Valley  Springs,  South  Dakota, 
from  N.  62°  W. 

This  gives  ns  reason  for  locating,  provisionally,  the  eastern  boundary 
qnite  remote  fh>m  the  Missouri.  It  may  nearly  coincide  with  the 
eastern  boundary  of  the  loess  deposit  as  given  in  a  later  section.  A 
small  bowlder  resembling  burhstoue  was  found  at  Cherokee,  on  the 
Little  Sioux,  and  another  east  of  Shenandoah  in  Page  Oounty,  Iowa, 
and  it  is  not  improbable  that  the  eastern  boandary  shoold  nowhere  be 
nearer  to  the  Missouri  Biver  than  30  miles. 

As  before  stated,  the  southern  boundary  is  arbitrarily  set  at  about 
100  miles  fit>m  the  moraine.  The  southern  limit  of  the  drift  would  lead 
as  beyond  the  scope  of  this  paper. 

DEBCBIFTION  or   BUBFACX. 

Elevation. — The  suriace  of  this  region  is  considerably  higher  than 
that  within  the  moraine;  south  of  Emanuel  Greek  Gap  the  differeuceis 
about  250  feet,  and  east  of  Big  Siouz  Gap  150  feet.    Along  its  western 

I  of  Ulooent  «g«  kud  formed  tppumtl;  fa  m»nhN  bardaring  tl» 
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side  tbe  average  altitude  of  the  highest  poiots  ia  nearly  1,700  feet,  while 
along  the  MiBBoari  it  is  aboat  1,100  feet.  The  wholeiegioa  slopes  toward 
the  soath  and  east.  This  is  shown  by  tbe  following  list  of  elevations. 
They  are  mostly  barometric,  bat  closdy  connected  with  poiots  deter- 
mined by  railroad  levels.  Only  sach  points  are  taken  as  lie  in  tbe 
general  level  of  the  country. 

Xial  of  tXvtatiimi  In  (kc  Xotu  regioK. 

From  north  to  sonth :  Feat. 

Blaffa  SDiiIh  of  Herriok,  Nebraslca 1,750 

HillB  north  of  PluDvien- l,82iS 

HillH  near  Battle  Creek 1,816 

Plain  south  of  Humphrey 1,690 

Plain  Bt  Osceola 1,680 

Plain  at  York 1,662 

Plain  at  Fairmont 1,656 

BlaffBatSt.  Helena,  over 1,400 

Snmniil  of  the  divide  aonthwect  of  Hartington 1,710 

Hilltops  Hontb west  of  Coleridge 1,840 

Sommit  sonthnest  of  Northaide 1,830 

Summits  milMsonthof  Stanton 1,800 

Blaffs  6  miles  northwest  of  SohDfler 1,610 

Plain  at  David  City 1,619 

Higher  kuollB 1,660 

Plain  at  GermantowD 1,684 

Plain  at  Dorcbeoter 1,601 

HilU  nest  of  Ponoa 1,375 

Hills  west  of  Emerson 1,630 

Hills  east  of  West  Point 1,626 

South  of  North  Bend 1,460 

HiUtops  near  Wahoo,  over 1,800 

Plain  at  Cheney 1,436 

Knolls  at  Cheney 1,460 

Sonthaast  of  Valley  Springs 1,610 

Plain  at  Wonen,  lovra 1,465 

Hill  east  of  Akron 1,416 

Hilltops  south  of  Blair, Nebraska 1,360 

South  of  Lonisville 1,226 

Near  Turlington 1,196 

From  east  to  west: 

Bluffs  near  Platte  Center 1,645 

Bluffs  near  Schnyler 1,610 

Summit  near  Mapleville 1,482 

Summit  west  of  Eennord 1,285 

Hills  west  of  Calhonn 1,260 

Onthrie,Iova 1,290 

Plain  at  Extend,  Nebraska 1,575 

Knolls  at  Friend,  Nebraska 1,600 

Plain  at  Dorchester 1,600 

Hilltops  northeast  of  Crete 1,450 

Citeney,  genera]  level 1,436 

Cheney  knolls 1«460 
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It  may  be  conceived  that  at  least  the  western  portiou  of  the  region 
was  at  one  time  a  nearly  level  plaiu,  out  of  which  the  valleys  of  the 
present  streams  have  been  excavated.  The  original  surface  of  the 
plain  has  been  quite  perfectly  preserved  away  from  the  larger  streams. 
Between  the  Platte  and  theElkfaom  this  is  true  as  far  east  as  the  head- 
waters of  Maple  Creek.  South  of  the  Platte  the  plain  extends  as  far 
east  as  David  City  and  the  Big  Blue.  Traces  of  the  plain,  in  the  form 
of  high  flat-topped  hills,  are  found  as  far  east  as  the  Missoari  and 
beyond ;  but  the  whole  region  was  probably  never  filled  to  a  level  plain. 
Several  things  seem  to  indicate  that  when  the  region  was  first  vacated 
by  the  depositing  waters  it  was  not  a  completely  filled  basin.  We 
would  not  assume  to  decide  between  a  lacostrine  or  flnvial  deposition ; 
probably  both  played  a  part.  We  proceed  to  give  some  of  these  becanse 
they  also  illustrate  the  pecaliarities  of  the  present  surface. 

Basins  and  knolls. — Even  when  the  surface  is  most  nearly  a  perfect 
plain,  as  in  the  region  west  of  the  Big  Blue,  there  are  shallow  basins 
with  clayey  bottoms  and  corresponding  swells.  Along  south  of  the 
Platte  about  Osceola  the  same  is  true,  and  farther  eastward  abont 
David  City  both  features  are  upon  a  grander  scale.  Some  of  the  basins 
are  more  than  a  mile  in  breadth  and  the  knolls  and  ridges  from  25  to 
4U  feet.  The  aspect  suggests  the  former  cxt«nsion  of  a  shallow  lake  in 
which  there  were  low  islands  or  bars.  Farther  north,  abont  the  head- 
waters of  Logan  Creek,  similar  features,  though  much  modified  by  ero- 
sion, are  noticed  in  the  topography,  but  erosion  has  cnt  down  the 
basins,  leaving  the  hills  much  more  elevated,  though  still  showing  the 
same  isolated  and  irregular  arrangement.  Doabtiess  winds  have  had 
a  mild  dune  effect  upon  the  loess. 

Elevated  ridges. — In  the  northern  part  of  the  region  under  consider- 
ation a  conspicnous  feature  of  the  topography  are  tbe  high,  somewhat 
discontinuous  north  west-son  tii  east  ridges.  One  extends  from  near  the 
mouth  of  the  Verdigris  to  the  vicinity  of  Bazile  Mills.  Another  begins 
east  of  Santee  Agency  with  a  lofty  spur  running  out  several  miles  from 
the  northern  edge  of  the  table-land  north.  It  extends  down  into  the 
southeast  corner  of  Knox  County.  Another  begins  southeast  of  Tank- 
ton  and  extends  southeastward  to  the  West  Bow.  Another  begins 
near  St.  James  and  extends  southeast  into  Dixon  County,  and  possibly 
into  the  Winnebago  Beserraton. 

These  ridges  are  more  narrow  and  conspicuous  toward  the  north, 
and  may  possibly  be  looked  upon  as  the  high  watershed  separating  the 
intervening  streams.  Their  surface  features  are  doubtless  due  to 
erosion,  but  the  prevalence  of  this  direction  remains  unexplained.  We 
must  look  for  it  in  some  pecnUarity  in  the  original  surface  where  the 
courses  of  the  present  streams  were  begun. 

In  the  list  of  elevations  given,  the  summits  of  these  ridges  were 
taken  rather  than  of  lower  surfaces  between. 

Ancient  chaimels. — ^This  directs  our  attention  to  another  problematio 
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feature.  This  embraces  certain  chaaDel-like  valleys  whicli  are  fonnd 
in  northern  Kebraaka  croaaia^  the  divide  between  the  tribntariea  of 
the  MisBouri  which  mn  in  a  northerly  direction  and  those  wLicli  bave 
a  Boatherly  direction.  Their  characteristics  are  best  preserved  upon 
the  watersheds,  because  there  they  are  least  modified  by  erosion. 
The  one  pasaing  near  Coleridge,  iN'ebraBka,  may  be  taken  as  a  type  of 
the  whole.  It  connects  Bow  Greek  with  the  npper  watera  of  Middle 
Greek,  a  branch  of  the  Logan.  It  is  a  valley  irom  3  to  4  miles  in 
width,  showing  two  or  three  sabordinate  channels  or  intervales  run- 
ning approximately  parallel  witli  one  another  and  depreaaed  from 
30  to  50  feet  below  the  broad,  flat  ridges  between  them,  which  at  one 
time  may  have  been  bars  or  islands  in  the  ancient  stream.  These  ter- 
race-like ridges  are  covered  with  a  thin  layer  of  loess,  under  which  is 
found  gravelly  clay  20  or  30  feet  higher  than  the  channels.  In  the 
bottom  of  the  chaunela,  after  penetrating  the  soil,  which  is  deep  and 
rich,  Band  of  indefinite  depth  ia  atrnck.  Goleridge,  which  occupies  the 
anmmit  of  this  channel  upon  the  divide,  has  an  altitude,  according 
to  railroad  levels,  of  1,672  feet.  The  altitude  of  a  high  loess  ridge 
southwest  of  Coleridge  is  1,800  feet,  and  a  similar  ridge  6  miles  east  of 
Goleridge  is  abont  1,825  feet  high.  Northwestward  from  Hartiogton 
the  general  surface  ia  much  eroded  and  diatinct  tracea  of  the  cbannet 
are  not  fonnd.  However,  there  is  nothing  to  forbid  the  opinion  that 
the  channel  formerly  extended  in  that  direction.' 

A  similar  channel  passes  from  the  Verdigris  to  the  Bazile  at  Creigh- 
ton,  thence  aontheast  up  the  latter  stream  to  Plainvlew,  where  it  is  1^ 
milea  iu  width,  and  does  not  present  the  complex  appearance  which 
was  noticed  at  Goleridge.  From  thia  point  it  continues  in  a  direct 
southeasterly  direction  to  the  north  branch  of  the  Elkborn  at  Pierce. 

A  smaller  valley,  which  pasaea  from  the  'east  branch  of  the  Bazile  at 
Kemma  southeast  to  the  north  branch  of  the  Elkhorn,  presents  aimilar 
characters.  These  channels  in  Nebraska  ai'e  all  much  eroded  toward 
the  northern  end  by  existing  streams. 

Areas  sloping  away  from  principal  streams. — Another  character  of  the 
topography,  which  is  unlike  that  usually  found  in  the  chance  arrange- 
ment of  streams  upon  an  even  plain  surface,  ih  the  frequent  oceurrence 
of  drainage  irom  the  immediate  vicinity  of  the  principal  streams  to 
Bome  subordinate  stream.  This  is  remarkably  true  along  the  southern 
side  of  the  Platte  Valley.  For  nearly  100  miles  the  waters  falling  im- 
mediately soath  of  the  edge  of  the  blnffs,  instead  of  making  their  way 
into  the  Platte,  are  carried  away  southward  into  the  tributaries  of  the 
Big  Blue.  Even  where  small  streams  turn  northward,  as  Bone  Greek 
and  Sknll  Creek,  the  bluffs  rise  precipitously  next  to  the  Platte  Valley, 
and  the  watera,  which  eventually  flow  northward,  are  first  turned  soath- 
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vard  throngh  the  narrowvalleya  of  these  creeks.  3o  with  theElkhom 
on  its  Bonthem  side  from  the  vicinity  of  Wiener  to  Scribiier,  the  land 
slopes  from  the  very  top  of  the  bluff's  southward  and  nonthwestward. 
Along  the  nortbern  side  the  same  featare  prevails.  Snch  snbordinate 
streams  as  Plom  Greek,  Ouming  Greek  east  of  West  Point,  Bell  Creek, 
and  the  west  branch  of  the  Papillion,  draw  from  the  very  sammit  of 
the  bluffs  along  the  Elkhom.  The  same  feature  may  be  occasionally 
fonnd  along  the  present  valley  of  the  Missouri,  but  its  greater  depres- 
sion and  the  probably  leas  original  elevation  of  its  bluffs  reuder  it  less 
prevalent  and  leas  evident.  On  a  grander  scale  the  whole  of  the  north- 
eastern comer  of  Nebraska  may  be  instanced  as  an  example  of  this 
feature,  sloping,  as  it  does,  away  from  the  eastward-flowing  portion  of 
the  Missouri.  Along  the  east  branch  of  the  Big  Sioux,  from  the  nortb- 
ern line  of  Iowa  southward,  a  similw  relation  carries  the  waters  from 
its  near  vicinity  into  Book  Biver. 

All  of  these  features,  when  traced  back  to  their  beginning,  point 
toward  inequalities  in  their  original  surface  of  greater  or  less  magnitude. 
Further  reasons  for  believing  that  this  original  surface  was  uneveu  will 
be  found  in  the  section  treating  of  the  relations  of  the  loess  to  the  drifL 

Principal  gtreams. — The  central  stream  is  the  Missouri.  Its  valley 
north  of  Yankton  resembles  ineveryrespect  that  in  the  regions  already 
described,  but  east  of  Yankton  it  puts  on  quite  a  different  appear- 
ance. While  its  bluffs  are  still  high  along  the  south  side,  they  show 
no  older  formation  except  near  their  bases.  The  valley  suddenly  widens 
to  a  breadth  of  from  8  to  10  miles.  This  breadth  it  retains  to  the 
month  of  the  Big  Sioux,  where  it  ia  somewhat  increased.  South  of 
Sioux  Gity  it  attains  a  breadth  in  places  of  more  than  16  miles.  At 
Blair  the  valley  begins  to  narrow,  and  near  Bockport,  southeast  of 
Calhoun,  it  Is  about  3  miles  wide.  It  is  a  significant  fact  that  at  this 
point  the  Carboniferous  limestone  begins  to  appear  near  the  water  leveL 
Farther  south  the  valley  is  very  rarely  more  than  5  miles  wide,  and 
while  the  slope  of  the  stream  firom  Sioux  City  to  this  point  has  been  about 
6  inches  per  mile  it  now  increases  to  1  foot  per  mile,  which  it  continues 
to  the  southern  line  of  Iowa.  The  valley  of  the  Missouri  is  bounded 
everywhere  in  the  loess  region  with  steep  bluffs  of  that  material, 
rising  250  to  400  feet  above  the  low,  flat,  bottom  lands  between.  Where 
they  have  been  longest  subject  to  erosion  the  loess,  which  usually  con- 
stitutes from  onehalf  to  three-fourths  of  the  height,  stands  at  an  angle 
of  from  40°  to  60°,  while  drift  makes  a  much  smaller  angle  with  the 
horizon,  and  the  older  rocks  stand  out  as  a  ahelf  or  ahoulder. 

Threeimportautstreamsenterthis  region  from  the  west — the  Niobrara, 
the  Elkhom,  and  the  Platte.  The  firat,  which  barely  enters,  flows  in 
a  narrow  valley  300  to  400  feet  deep.  The  other  two  have  very  wide 
valleys,  especially  in  their  middle  course,  and  are  depressed  from  250 
to  300  feet  below  the  general  leveL  Their  slopes  nearly  coincide  with 
the  slope  of  the  region. 
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Tribntary  Btreams  nnd  creeks  Eire  nmnerous  throughout  the  whole 
refi^on.  They  are  fed  by  perenoial  springs,  and  usually  ran  in  narrov 
ravines  from  5  to  20  feet  deep. 

Terraces. — AJthoogh  the  snbject  of  terraces  will  be  treated  more 
folly  iu  another  place,  a  few  words  seem  called  for  in  this  connection.  ' 
Along  the  principal  streams  the  present  flood  plain  is  at  an  elevation 
of  from  5  to  20  feet.  The  bottoms  of  their  valleys  are  principally 
oecapied  by  land  npon  this  level.  Traces  of  other  benches  fh)m  15  to  30 
feet  are  not  in&eqnently.of  considerable  extent.  Besides  these  more 
recent  terraces  there  are  conspicnoos  traces  on  most  streams  of  a  ter- 
race at  from  60  to  100  feet  above  the  present  stream.  Traces  of  this 
high  terrace  are  found  along  the  Missonri  fhtm  Herman  to  De  Soto,  in 
Washington  County,  N'ebraskaj  also  in  the  vicinity  of  Fort  Galhonn 
it  is  finely  exhibited  for  several  miles.  At  Sorth  Omaha  and  at  Belle- 
vne  it  has  considerable  extent  and  an  altitude  of  about  50  feet 

Along  the  Platte  we  find  a  high  terrace  on  the  north  side  of  the 
present  valley  extending  from  Hall  County,  where  it  is  low  and  much 
obscured  by  sand  hills,  to  the  vicinity  of  Fremont,  where  it  has  an 
altitude  of  about  80  feet.  Its  northern  edge  is  marked  by  the  lower 
coarse  of  the  Loop  Biver,  Shell  Creek,  and  Maple  Creek-.  There  are 
ancient  channels  connecting  these  streams  with  one  another  at  their 
nearest  points.  Its  width  is  from  3  to  4  miles.  Prom  the  vicinity  of 
North  Bend  an  old  channel,  S  miles  in  width  and  on  the  same  level  with 
the  terrace  to  the  north,  extends  sontheast  along  the  east  side  of  Sand 
and  Wahoo  creeks  to  the  vicinity  of  Ashland, 

Along  the  Elkborn  the  terrace  before  mentioned,  north  of  Fremont, 
extends  northward  on  the  west  side  of  the  Elkhom  to  Scribner.  Little 
trace  of  this  terrace  has  been  foaod  above  that  point,  partly  becaase  it 
is  obscured  by  sand  hills,  partly  beoaose  the  region  has  not  been  fully 
examined  npon  that  point. 

Traces  of  this  high  terrace  are  fbniid  along  Bazile,  Beaver,  Bow,  and 
Logan  creeks  in  Kebraaka.  In  Iowa  traces  of  it  are  found  along  the 
Big  Sioax  near  Beloit  and  Fairview,  and  along  several  of  the  streams 
on  the  east  side  of  the  Misaoari,  which  have  not,  however,  been  exam- 
ined safflciently  to  warrant  a  more  complete  description. 

Elsewhere,  and  in  general,  the  topography  of  the  loess  region  finely 
illnstrates  the  principles  of  erosion  when  applied  to  a  homogeneous 
deposit.  Bemote  ftwm  streams  the  hills  have  a  gently  rounded  ibrm, 
extending  to  the  edge  of  the  deep  ravines  which  farrow  the  bottom  of 
the  valleys.  These  ravines  increase  in  depth  toward  their  head,  where 
they  terminate  abruptly  with  perpendicular  or  even  overhanging  banks. 
Toward  the  principal  streams  the  slopes  of  the  hills  gradually  become 
steeper.  Where  nndermined  by  eroding  streams  they  Ireqnentiy  present 
bare  perpendicular  faces  20  to  dO  or  even  100  feet  in  height.  In  general 
the  topography  is  of  the  erosive  type  prevalent  in  massive  sandstone 
regions,  for  the  loess  resembles  sandstone  in  its  resistance  to  the  various 
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weathering  agencies.  From  its  tendency  to  stand  in  steep  slopes  along 
tbe  streams  Professor  Swallow,  of  Miasoari,  early  named  it  tbe  Blaff 
deposit. 

Sand  hills. — Beneath  the  drift  over  much  of  this  region  is  a  deep 
deposit  of  fine  sand  presamaMy  belonging  to  tbe  Pliocene  epoch.  In 
the  northern  portion  of  Cedar  and  Knox  coanties  the  lower  valleyB  are 
mnch  widened  by  the  nnosoal  recession  of  their  sides,  which  may  be 
ascribed  to  their  nndermining  because  of  the  presence  of  this  deposit. 
The  sand  is  considerably  mingled  with  the  soil  and  gives  a  pleasing 
smoothness  to  the  landscape. 

Tills  sand  deposit  comes  to  the  surface  and  occnpies  mnch  of  the 
coantry  west  of  the  Verdigris  and  theancient  channel  before  mentioned, 
which  runs  southeast  from  Greighton.  The  western  boundary  of  the 
loess  is  there,  and  as  far  south  as  the  Platte,  obscured  by  the  advance 
of  the  sand  eastward.  Sand  hills  and  "clay  hills"  are  indescribably 
mingled.  The  "clay"  closely  resembles,  if  it  is  not  identical  with,  the 
looBB.  It  probably  is  a  deposit  of  the  Loup  River  epoch.  The  ancient 
channel  between  Oreighton  and  Pierce,  more  especially  sooth  of  its 
summit,  shows  an  iuterestiug  series  of  transverse  ridges  of  sand,  vast 
ripples,  as  it  were,  rising  from  25  to  60  feet  above  the  intervening 
clayey  meadows.  They  are  at  quite  regular  intervals  of  IJ  miles. 
Traces  of  sand  are  fonnd  in  the  wash  of  the  hillsides  as  far  east  as 
Cedar  County.  At  several  other  localities  also  there  occur  sand  hills 
vhich,  though  formed  by  the  wind,  have  had  their  material  brought 
into  the  region  by  the  instrumentality  of  streams.  The  Elkboru  and 
the  Platte,  flowing  through  sandy  regions,  accumulate  large  quantities 
of  sand  in  their  bars  and  bottom  lands.  When  this  sand  is  driest  and 
most  widely  exposed  the  whole  region  Is  subject  to  prevalent  winds 
from  the  northwest;  the  result  is  that,  wherever  these  streams  run 
toward  the  southeast  for  some  distance,  large  quantities  of  sand  are 
blown  from  the  valleys  out  upon  tbe  upland.  In  this  way  one  may 
take  a  map  and  with  considerable  confidence  tell  where  such  sand  hills 
will  be  found.  They  have  been  observed  occupying  several  square 
miles  south  of  Stanton.  They  are  prominently  developed,  and  are 
more  conspicuous  because  of  their  elevation  east  and  sontheast  of 
West  Point.  They  are  frequently  interspersed  with  small  ponds. 
South  of  the  Platte  they  have  been  observed  near  the  mouth  of  Bone 
Creek  northeast  of  David  City,  Mid  in  a  very  extensive  area  south  of 
Kearney.  They  also  occur  in  corresponding  positions  along  the 
branches  of  the  Loup  Biver.  Much  of  the  broa^l  valley  north  of  the 
Platte  is  occupied  by  sand  hills. 

SBIFT  DEPOBITS  OF  THE  LOESS  RBQIOM. 

The  drift  of  this  region  may  become  the  subject  of  mnch  controversy 
as  concerns  its  origin.  We  therefore  propose  to  present,  as  completely 
as  our  space  will  allow,  the  data  which  have  been  gathered. 


DRIFT  DEPOSITS  OP  LOE88  EEGIOH. 


The  lowest  and  most  important  formation  is  bere,  as  elsewhere,  the 
till.  It  presents  the  asual  appearance  of  a  homogenooas  matrix  of 
clay  containing  pebbles  and  bowlders  scattered  ttarongb  it,  with  rarely 
any  trace  of  stratification  or  segregation  of  any  sort.  It  iJso  contains 
irregnlar  masses  or  pocfcets  filled  with  stratified  gravel,  sand,  or  silt. 

Color. — The  prevalent  color,  when  nnaffected  by  weathering  or  leach- 
ing, is  a  bright  lead  blae.  Sometimes,  however,  it  is  a  dull  grayish 
brown.  It  abounds,  especially  in  its  lower  portions,  in  white  pebbles 
of  limestone  and  quartz,  wbich  in  a  &esh  snrface  present  a  striking 
appearance  upon  the  blue  background.  The  upper  portions  of  the  till, 
where  it  has  been  long  subject  to  weathering,  or  where  the  frequency 
of  porous  layers  or  seams  has  carried  the  snriiice  waters  into  the  clay, 
are  of  a  yellowish  appearance,  wbich  below  sometimes  shades  into  a 
reddish  color  and  above  into  a  dull  hnff. 

Joints. — The  clay  always  presents  a  jointed  ai>pearance,  these  Joints 
running  in  all  directions,  dividing  a  deposit  into  polygonal  masses. 
These  masses  are  continually  subdivided  as  the  process  of  weathering 
goes  on.  In  the  fi^shly  exposed  bine  till  these  masses  may  be  3  or  4 
feet  across,  and  the  seams  are  correspondingly  prominent.  They 
appear  In  some  cases,  which  we  may  consider  an  earlier  stage,  as 
mere  cracks  cutting  the  mass  irregularly.  They  more  frequently 
show  traces  of  accnmnlation  in  the  form  of  thin  calcareous  or  selenitB 
plates.  Seams  have  been  fonnd  where  tbe  selenite  platea  were  from 
one-eighth  to  one-half  inch  in  thickness.  In  some  cases  tbe  selenite 
shows  a  coating  of  flonr-like  gypsum,  and  in  some  cases,  toward  the 
snrfoce  of  the  deposit,  where  it  is  more  changed,  the  whole  seam  is 
filled  with  such  material.  The  color  of  the  bine  clay  at^oining  these 
seams  gradually  changes  through  different  stages  to  a  dull  yellow.  As 
the  selenite  plates  increase  in  thickness  these  weathered  portions  as  a 
rule  also  increase  in  thickness.  Some  of  the  measnrements  of  observed 
cases  are  as  follows:  Measuring  from  the  center  of  the  seam  either 
way,  one-eighth  inch  flonr-like  gypsum,  one-eighth  inch  drab  clay, 
three-fonrtfas  inch  blniBh,  then  the  surrounding  bine  clayj  another, 
one-half  inch  cream-colored  core,  3  inches  yellow  clay,  2J  inches  whit- 
ish yellow,  then  the  bine  clay.  More  convincing  evidence  in  favor 
of  the  conclusion  that  the  yellow  till  is  merely  the  weathered  portion 
of  the  bine  could  scarcely  be  imagined.  This  change  of  color  in  this 
case  corresponds  with  what  is  nnif6rmly  observed  of  the  drab-colored 
layers  of  the  chalkstone,  of  the  similarly  colored  beds  of  the  Benton 
and  the  Pierre  clays,  and  also  of  the  blue  limestone  of  the  Oarbonifer- 
ons  and  Paleozoic  rocks  generally. 

Local  indications  of  subaqueous  origin, — There  are  several  features  of 
the  till  in  this  region  which  favor  the  conclusion  tbat  it  is  of  subaque- 
ous origin.  While  the  previous  description  may  be  taken  without 
qualification  as  to  general  structure,  there  are  exceptions  found,  as 
BulLlSJ 
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follows :  (1)  Its  colors  are  sometimes  arranged  in  a  horizontallr  banded 
maouer.  This  lias  been  observed  repeatedly  along  the  Platte  aonthwest 
of  Fremont,  where  ashy  and  chalky  layers  occasionally  ap{>ear;  (2) 
wliile  the  erratics  asoally  have  no  perceptible  arrangement,  they  are 
eometimes  arranged  in  horizontal  lines;  perhaps  a  dozen  pebbles  lie 
within  a  few  feet  of  one  another  npon  the  same  level,  wbere  as  many 
more  of  similar  size  could  not  be  foand  in  as  many  yards;  (3)  another 
fact  which,  although  it  does  not  pertain  to  the  stracture  of  the  till,  has 
an  important  bearing  on  the  question  of  its  subaqueous  origin,  is  the 
resting  of  the  till  npon  the  nearly  horizontal  surface  of  stratified  sand 
and  clays  of  pre-Glacial  origin  without  their  slightest  distortion. 

The  apper  portion  of  the  till  which  presents  the  yellowish  colors  fee- 
quently  abounds  in  calcareous  concretions,  some  of  irregular  globular 
form,  others,  occupying  the  larger  seams,  of  sheet-like  form.  Some- 
tiroes  these  concretions  have  to  a  considerable  degree  the  appearance 
of  disintegrated  chalk. 

The  second  member  of  the  drift  we  will  designate  as  the  red  clay, 
fiH*  DO  other  characters  seem  more  constant.  It  usually  lies  above  the 
tilL  It  is  never  below  it,  but  sometimes  is  found  where  no  till  occurs, 
and  it  Is  sometimes  wanting  between  the  till  and  the  loess  above.  Its 
more  common  characters,  besides  its  brownish-red  color,  are:  (1)  It  is 
much  more  clayey  than  the  loess  above,  and,  especially  in  its  upper 
portion,  becomes  more  loamy  than  the  till  below;  (2)  it  nniformly  pre- 
sents a  stratified  appearance,  layers  of  clayey  silt  alternating  with 
thicker  layers  of  purer  clay.  Erratics  even  several  inches  in  diameter 
frequently  appear  in  it,  and  asoally  in  a  more  or  less  stratified  condi- 
tion. These  are  found  in  greater  abandance  toward  the  base  of  the 
formation.  Its  upper  portion,  for  several  feet  in  depth,  may  be  entirely 
free  from  them.  Its  stratification  may  be  obscure  either  when  it  has 
been  somewhat  weathered  or  when  the  exposure  is  of  a  more  clayey 
stratum. 

Its  npper  surface  is  nearly  always  distinctly  marked,  but  its  lower 
enrfoce  not  inft^uently  passes  into  the  till  without  a  clear  line  of  sepa- 
ration. This  feature  has  been  noted  at  lower  levels  near  the  principal 
streams.  In  the  northwestern  poririon  of  the  region  under  consideration 
it  is  overlain  by  a  heavy  deposit  of  gravel,  but  as  a  rule  the  loess 
rests  directiyupon  it.  The  darker  and  redder  shade  of  this  member  is 
without  doubt  due  to  the  greater  abundance  of  fbrrio  oxides,  and  may 
indicate  that  the  formation  has  been  more  exposed  to  the  air.  It  may 
find  an  analogy  in  appearance,  if  not  in  origin  of  color,  to  the  weathered 
poriions  of  fermginons  sandstones. 


The  third  member  of  the  drift  is  composed  chiefly  of  gravel  and  sand 
beds,  which  also  aboand,  usually  in  their  upper  portions,  with  bowlders. 


MBOJ  DEIPT  DEPOBITB   OF  LOESS  REGION.  67 

These  occnr  mainly  in  the  vicinity  of  tbe  Miasouri  and  the  Big  Sioax, 
their  greatest  developmeBt  being  in  Enox  Oonuty,  Kebraska,  and  Min- 
nehaha Ooanty,  Soath  Dakota.  In  the  former  locality  it  constitutes 
the  bulk  of  the  drift. 

RXLATIOH  Of  TBR  DBITT  TO  THB  UNbKRLYIMO  FORMATIONS. 

The  formations  found  beneath  the  drift  are  arranged  in  general  in 
strips  extending  north-northeast  to  sonth-southwest.  First  in  the 
northwest  corner  of  the  region  come  the  Pliocene  sands  and  clays,  50 
to  100  feet  in  thickness.  Their  soatheast  margin,  at  least  of  their 
thicker  development,  extends  approximately  from  near  the  northwest 
comer  of  Dixon  County  past  Coleridge,  Stanton,  and  Columbns,  south- 
ward. An  area  along  the  Split  Bock  in  Minnehaha  County,  South 
Dakota,  is  also  doubtfully  referred  to  this  epoch.  Similar  deposits 
have  been  observed  also  along  the  Big  Sionx  east  of  Canton,  and 
nearer  Fairriew,  South  Dakota,  and  northwest  of  Sioux  City;  also 
near  Lemars  and  Cherokee,  Iowa.  This  formation  along  the  Missonri 
rises  to  an  elevation  of  nearly  400  feet  above  the  river  in  Knox  County, 
Nebraska,  and  diminishes  in  altitude  to  the  east.  Along  the  line  out- 
lined as  bounding  its  thicker  development  it  does  not  diminish  much  in 
altitude  toward  the  south.  The  Missouri,  Elkhorn,  and  Platte  south- 
east of  this  line  have  cut  through  it  to  the  older  formations  below, 
and,  it  would  seem,  have  removed  much  of  its  thickness.  The  N^iobrara 
chalkstone  appears  next  east  of  and  underneath  the  Pliocene.  Its 
eastern  limit  approximately  extends  from  near  Brandon,  South  Dakota, 
southward  along  the  Big  Sioux,  where  it  is  exposed  at  Canton  and 
Akron,  also  at  Ponca,  west  of  Dakota  City,  at  West  Point,  Bknll 
Creek,  Milford,  Pleasant  Hill,  and  beyond.  The  Benton  clays  are 
but  feebly  developed.  The  next  formation,  the  Dakota  sandstone, 
appears  quite  prominently.  Its  eastern  limit  extends  from  near  Dakota 
City  past  Tekama,  Ixtnisville,  Beatrice,  and  beyond.  It  is  found  also  in 
detached  areas  near  Lewis  and  Red  Oak,  and  northeast  of  Sioux  City, 
Iowa.  The  upper  Carboniferous  underlies  this  and  extends  forther 
west  than  the  east  limit  of  South  Dakota.  It  occupies  the  remainder 
of  the  loess  region  in  Nebraska  and  Iowa,  with  the  exception  of  small 
detached  areas  of  Tertiary  of  indefinite  extent. 

These  rocks  seem  t4>  hnve  been  excavated  in  tbe  form  of  a  broad  val- 
ley along  the  Missouri,  with  its  bottom  from  15  to  150  feet  above  tbe 
present  level  of  the  Missouri,  but  in  the  bottom  of  this  valley  the  imme- 
diate channel  of  the  Missouri  and  other  streams  seem  to  have  been 
excavated  to  the  present  depth  or  even  to  a  greater. 

The  drift,  where  it  has  been  observed,  rests  upon  tbe  surface  of  the 
underlying  formations  without  distnrbing  them,  except  in  a  few  rare 
cases.  The  general  fact  may  be  illustrated  by  numerous  sections  taken 
from  Knox  County,  Nebraska,  and  a  few  i^m  southwestern  Iowa.  In 
the  former  locality  the  drift  is  found  in  some  places  lestiug  upon  a 
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deposit  of  Toloanio  ashes  more  than  3  feet  in  thicknesB,  which,  thongh 
very  ftiable,  shovs  no  disturbance.  About  a  mile  east  of  Osmond  it 
was  fonnd  resting  on  a  gray  pebblelesH  clay,  and  coiiformabiy.     In  Mills 


Connty,  Iowa,  typical  blue  till  was  foaud  resting  upon  a  grayish-browD 
clay  from  S  to  10  feet  in  thickness  containing  no  pebbles,  and  this  in  torn 
apoD  sand  (fig.  14).    2Teither  showed  signs  of  disturbance.    ISe&r  Ben- 
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nett  and  Boca,  Nebraska,  drift  was  found  resting  upon  Oarboniferons 
clays  without  apparent  disturbance.  Near  Berks,  Nebraska,  it  was 
found  resting  upon  an  inclined  surface  of  stratified  sand  with  no  traces 
of  disturbance  in  either  (flg.  15). 


While  what  has  been  given  seems  to  indicate  the  general  gentle 
,.oBition  of  the  drift,  at  least  In  deeper  or  more  protected  locatu-es  of 
the  old  surface,  there  are  a  namber  of  cases  where  great  force  has  been 
exerted  in  a  horizontal  direction.  Striua  have  been  observed  in  the 
following  locfUities:  About  Sioux  Falls  the  surface  of  the  quartzite  is 
planed  and  striated  generally  toward  a  direction  varying  from  S.  8°  E.  to 
S.  43°  E.,  but  some  were  from  the  west.  Southeast  of  Sioux  Falls,  about 
the  northwest  comer  of  Iowa,  the  surfotce  of  the  quartzite  is  smooth 
and  striated  in  a  similar  manner,  in  direction  from  S.  8°  E.  to  S.  53°  E., 
the  mtyority  of  cases  corresponding  with  ttie  course  of  the  Big  Sioux. 
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A  few  miles  uorth  of  Valley  Spriugs  Btriftt  varyiag  from  S.  &°  E.  to 
iS.  63°  £.  were  abundant  on  the  polished  red  qnartzite.  So  fai  aa  is 
known,  no  distinct  striEe  have  been  observed  on  any  other  formation 
except  the  Carboniferous  limestones  sonth  of  the  Platte  in  S'ebraska 
and  adjacent  portions  of  Iowa.  Yery  faint  indications  of  motion  from 
the  north-northweet  of  snpenncambent  blocks  of  bowldeiy  clay  were 
noticed  sonth  of  Boca,  Nebraska.  At  Bennett,  abont  9  miles  east,  the 
snrfoce  of  tiie  limestone  was  found  planed  and  covered  with  striie  iodi- 
cating  a  movement  8. 41*^  to  43°  W.  This  was  on  the  northeast  sideof  a 
hUl  looking  toward  a  valley  opening  in  that  direction,  A  rod  or  two 
west  of  that  point  a  few  strife  toward  S.  17°  W.  were  foand,  and  still 
farther  west  at  one  point  striae  were  found  toward  S.01°W.and  8.9°  E, 
It  is  a  notable  foot  that  this  latter  locality  was  simply  a  few  square  feet 
of  surface  on  the  same  level  surface  with  many  square  rods  of  limestone 
which,  though  covered  with  till,  showed  no  signs  of  smoothing  or  stria- 
tion.  On  the  north  side  of  the  valley  a  mile  away  another  slight  trace 
of  strise  was  found,  indicating  motion  toward  8.  88°  W.  South  of 
Plattsmouth  a  considerable  surface  of  the  limestone,  abont  40  feet 
above  the  river,  is  planed  with  stride  from  east  of  north. 

Upon  the  limestone  ledges  3  or  4  miles  south  of  Pacific  Junction, 
Iowa,  striie  are  found  at  localities  differing  about  50  feet  in  elevation. 
They  are  mainly  of  two  sets,  8.  9°  E.  and  8.  40°  E.  Meek,  In  Hay- 
den's  Final  Beport  on  Kebraska  (p.  92),  records  near  the  moutii  of  the 
Platte  a.  10°  W.  [mag.].  Dr.  White  in  his  Iowa  report,  Vol.  I,  p.  94, 
mentions  a  locality  opposite  Uonncil  Bluffs,  now  obliterated,  6  to  8  feet 
above  high  water,  where  the  direction  was  8. 41°  W.  Prof.  S.  Aughey, 
former  State  geologist  of  Nebraska,  reported  striee  near  Beatrice,  Boca, 
and  Syracuse,  also  along  the  Platte  at  several  points,  which  have  an 
average  direction  of  8. 19°  E.  In  a  quarry  sonth  of  Unadilla,  Nebraska, 
though  no  strife  were  found,  the  different  blocks  in  the  upper  layer 
were  tipped  down  toward  the  north  without  being  apparently  moved 
from  their  position.  Two  miles  northeast  of  Tabor,  Iowa,  planation 
was  widely  shown,  bnt  the  stone  is  now  removed  and  the  direction  has 
not  been  ascertained. 

DISTRIBOTIOK  OF  THK  DRIFT. 

For  convenience  under  this  topic,  we  will  divide  the  drift  into 
^Nebraska,  Dakota,  and  Iowa  divisions. 


South  of  Niobrara,  Nebraska,  at  an  elevation  of  over  400  feet  above 
the  Missoori,  is  an  extensive  exposure  of  clayey  gravel  capping  the 
hills.  This  seems  to  be  teom  15  to  25  feet  in  thickness  and  to  rest  upon 
light-colored  clay.  Farther  sonth  the  loess  appears  above  it,  and 
bowlders  abound  in  it,  especially  in  its  upper  portion.  East  of  the 
Bazile  there  is  the  same  general  appearance,  bnt  below  flue  sand  begins 
to  show  Itself  in  the  sides  of  the  bluffs. 
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Volcame  ash  stratum. — Underneatli  the  drift  a,  layer  of  graTiah-wbita 
volcanic  ashes  begins  to  show  itself  5  or  G  miles  soathwest  of  Santee 
Agencyand  isexpoaedhereaDdtheveforatleastOinileseastward.  The 
localitiesnoted  are  S  W.  i  BecR.27  and  36,  T.  33  K.,  B.  i  W.  At  the  former 
place  it  is  underlain  by  a  stratum  of  laminated  clay  crowded  vitb  fresh* 
water  sheila.  Prof.  E.  E,  Call  has  determined  them  to  be  mostly  Lim- 
nophyaa  cUcidioaa,  This  stratum  has  been  observed  to  be  more  than  3 
feet  thick.  The  ash  aeema  to  paae  both  laterally  and  above  into  a 
whitish  marl.    Both  are  450  to  475  feet  above  the  !MiBBoari  River. 

Mr.  Andreas  Landteigen,  chemist  for  the  Yankton  Cement  Works,  who 
was  interested  in  the  dei>osit  from  a  boainess  standpoint,  has  kindly 
given  me  the  following  analysis  of  a  sample  taken  from  the  top  of  the 
former  bed  on  Mr.  Wakana's  land :  Silica,  73.44  per  cent ;  lime,  0.55  per 
cent;  alumina  and  oxide  of  iron,  14.78  per  cent;  loss  by  ignition,  4.28 
per  cent;  total,  92,05  per  cent.  A  sample  from  the  bottom  did  not 
differ  materially. 

A  stratum  esactly  similar  in  composition  has  been  found  near  West 
Point  (PI.  XI),  on  the  West  Blue  southwest  of  Mllford,  and  also  along 
the  llissouri  about  7  miles  north  of  Omaha,  Nebraska  (PI.  XII).  At 
all  points  it  occars  in  the  drift,  not  below  it  At  West  Point  it  is  found 
from  4  to  <t  feet  thick,  at  the  seoond  point  1  to  5  feet,  and  near  Omaha 
18  inches.  Specimens  were  submitted  toMr.J.S.Biller,  of  the  Geolog- 
ical Snrrey,  who  has  pronounced  them  volcanic  dust,  composed  chiefly 
(90  i>er  cent)  of  minute  augalar  fragments  of  pumiceous  glass.  Besides 
these  are  numerous  (10  per  cent)  grains  of  quartz  sand,  well  ronnded, 
indicating  that  the  ashes  fell  into  quite  water. 

If,  as  seems  not  improbable,  these  different  beds  were  deposited  simnl- 
taneonsly,  how  may  we  account  for  their  being  below  the  drift  in  Knoz 
County  and  in  the  drift  in  Cuming  and  Seward  coanticeT  By  refer- 
ence to  a  list  of  elevations  further  on  we  find  the  altitude  to  be  now  in 
the  first  case  over  1 ,600  feet,  and  in  the  other  less  than  1,500,  the  second 
being  less  than  1,350  feet.  Even  making  liberal  allowance  for  changes 
of  level  since  their  deposition,  we  can  readily  believe  that  the  deposition 
of  drift,  assuming  its  subaqueous  origin,  began  at  the  lower  levels  before 
the  volcanic  outburst,  and  did  not  reach  the  northern  localities  till  later. 
The  apparent  haphazard  occurrence  of  the  ashes  in  Knox  County  may 
be  readily  explained  by  their  preservation  only  in  lagoons  along  the 
ancient  Niobrara.  When  they  fell  on  the  land  rains  would  soon  wash 
them  away,  and  when  in  the  main  stream  they  would  be  swept  onward 
and  mixed  with  other  sediments.  The  idea  that  they  fell  in  ponds  is 
further  supported  by  theoccurrence  of  the  fossiliferons  clay  immediately 
below. 

If  we  accept  the  more  commonly  received  hypothesis  that  the  till  is 
the  product  of  land  ice,  we  may  sappose  that  the  older  ice  sheet 
advanced  to  the  altitude  of  West  Point  firom  the  Des  Moines  Valley, 
while  the  occupation  of  the  Dakota  Valley  was  later.    Or  we  may  aup- 
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pose  that  the  deposits  were  simply  formed  in  bayoas  alon^  the  acyacent 
streams  when  they  were  flowing  at  high  levels.  It  sfaonld  not  be  for- 
gotten, howeyer,  that  it  is  by  no  means  certain  that  the  ash  beds  in  dif- 
ferent localities  were  deposited  at  the  same  time. 

There  is  little  loess  upon  the  surface  of  the  drift  for  several  miles  east 
of  the  Bazile,  fttid  erosion  has  oat  this  bed  of  gravel  into  abmpt  knolls, 
which  are  very  conspicnoas.  Near  the  Bazile  and  along  How  Creek 
erosion  has  also  sapped  the  sandy  formation  so  that  the  gravel-topped 
knobs  have  sunk  bodily  toward  the  streams. 

.  Farther  east,  abont  5  miles  sontheast  of  Santee  Agency,  the  loess 
begins  to  so  cover  the  drift  that  it  is  almost  entirely  hidden,  except 
along  the  face  of  the  blnff^  toward  the  Missonri.  Its  continned  grav- 
elly character  is  well  shown  southwest  of  Herrick,  abont  what  is  called 
the  Devils  Nest,  a  descriptive  name  for  two  or  three  very  deep  ravines 
excavated  through  the  loess,  drift,  and  Tertiary  sands  to  a  depth  of 
over  100  feet.  One  of  the  most  complete  sections  found  is  at  or  near 
the  northwest  corner  of  T.  32  N.,  R.  3  W.  The  whole  section,  from  the 
sammit  of  an  adjacent  hill,  is  as  follows: 

Stetiim  ntar  the  northwest  corner  of  T.  3S  If.,  B.  S  FT. 

FMt.  Id. 

Slope,  ptob&blj  loma,  thoogli  bowlders  were  fonnd  near  the  gmnmit 60  0 

Loess  exposed i  0 

fitrfttifled  sand,  gravel,  and  bowldereta  of  grUDite,  greenstone,  etc 0  6-18 

Beddiah,  loamy,  joint  clay  oontniniug  northera  pebbles 16  0 

Fin^  white  sand,  stiatlSed 7  0 

Beddishclay  and  msty  sand i  0 

Btratieed  lead  colored  clay lJ-2  0 

Pine  sand 16  0 

Wet  affloreaoent  clay 0  8-10 

Sand '. 4  0 

Clayey  aand 3-4  0 

Whitieh  marl  alternating  with  layers  or  sand 50  0 

In  another  section  several  rods  west,  below  the  loess,  which  was 
abont  on  a  level  with  a  corresponding  point  in  the  preceding  section, 
the  strata  were  as  follows : 

Stction  levDral  rodi  ipett  of  tht preceding. 
BtratiBed  gravel  and  bowlders,  about  four  coarse  layere  with  fine  sand  al- 
ternating, all  aorta  of  noithera  erratics  present 4^  0 

Laminated  loamy  clay  with  two  layers  of  pebbles 3    0 

Fine  gray  sand  passing  into  2  feet  of  chalky  clay 16    0 

Grayish  cheeky  clay,  stratified,  with  fossil  planorbis  and  other  fl'esh-watur 

shells,  and  a  few  small  pebbles 3    0 

Sandcontaiulngfragmentsofchalkstone  and  of  large  bones  and  teeth 1    0 

Chalky  clay 6    0 

A  general  section  sbowing  several  exposures  noted  is  given  in 
flg.  16. 

The  gravelly  drift  is  also  made  prominent  by  its  capping  long  spurs 
extending  northward  along  the  northern  edge  of  the  loess  table-laud. 
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The  tops  of  these  are  nearly  in  a  line,  aboat  390  feet  above  the  river, 
■while  the  gravelly  layer  back  under  the  loess  is  450  to  476  feet.  They 
appear  like  the  remnants  of  a  gravel-topped  terrace,  bat  as  they  have 
nocoonterpartelsewhere, 
it  seems  probable  that 
they,  like  ^e  lower  hills 
along  the  Bazile,  have 
been  let  down  from  an 
original  high  position  by 
the  escape  of  fine  Ter- 
tiary sand  l^m  beneath 
them.  Farther  east, 
i  along  Weigand  and  Bea- 
J  ver  creeks,  gravelly  ter- 
^  races  again  appear  at  a 
still  lower  level;  these, 
thongh  containing  the 
same  material  as  the 
higher  deposits  already 
described,  are  doubtless 
a  rearrangement  of  them 
as  terraces  of  these 
streams.  The  gravelly 
drift  nnderlain  by  sand 
appears  to  have  once  ex- 
tended as  a  sheet  over 
the  whole  region  of  the 
Beaver  and  the  Bows,  oc- 
capying  the  most  of 
Cedar  Oounty.  It  has 
been  affected  by  erosiou 
so  much  that  it  is  not 
DOW  contiuQoas  except 
along  the  divide. 

In  a  high  hill  3  or  4 
miles  soatheast  of  Yank- 
ton the  summit  of  the 
drift  is  less  than  300  feet 
above  the  river,  and 
shows  much  sand  in  con- 
nection with  iL  Id  the 
blnffs  south  of  St.  Helena 
the  chalkstone  rises  225  feet  above  the  river  and  only  a  few  bowlders 
and  pebbles  appear  upon  it,  below  the  loess,  which  there  rises  only  40 
feet  higher.  At  several  points  along  the  West  Bow  incomplete  expo- 
sures show  the  drift  thin  and  with  frequent  bowlders,  resting  uniformly 
on  sand.    Curlew  Spring,  a  copious  springer  B;§^|m of  gp^jgsf^^wut 4 
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miles  south  of  Hartington,  comes  from  the  aiiderlyiDg  Band,  as  does 
also  a  maguiflcdnt  spring  4  miles  vest  of  Coleridge. 

The  saod  below  the  drift,  which  is  there  nearly  pare  coarse  stratified 
gravel,  ia  finely  shown  iu  a  ent  2j  milea  north  of  Coleridge.  It  is  pare 
and  stratified  in  thin  layers  (Fl.  XIII). 

In  a  cat  near  Hartington,  N'ebraska,  the  drift  was  found  resting  upon 
a  calcareoas  marl  mach  resembling  loess,  and  differing  from  it  princi- 
pally in  its  more  distinctly  stratified  character.  It  fiirnished  nameroos 
specimens  of  ii«sh-wat«r  shells,  which  Prof.  B.  E.  Call,  to  whom  th^ 
have  been  submitted,  has  identified  as  follows: 

Valvatu  trioaiiiiAtk  Bay. 

Sncdnea  obliqaa  Sfty. 

Gyraalos  pamiB  Say. 

SphEBrium  ■triatinnm  Lam. 

LimnophyBa  decldiosa  Say. 

Limnophyia  paloBtris  [T],  imperfect  Bpecimen. 

Two  or  3  miles  east  of  Hartington  a  similar  ezposare  was  noticed  in 
the  bank  of  the  East  Bow.  It  seems  probable  that  this  is  a  late  Ter- 
tiary deposit,  probably  belonging  to  the  Equas  beds  of  Cope. 

The  gravelly  character  of  the  drift  continues  south  along  its  western 
limit  as  far  at  least  as  Greighton.  East  of  that  place,  at  an  elevation 
of  about  110  feet  above  the  station,  abundant  traces  of  gravel  are  found 
by  the  roadside  through  a  vertical  distance  of  about  10  feet,  above 
which  the  loess  begins  to  appear.  About  5J  miles  east  of  Greighton  a 
well  fjreshly  bored  was  noticed  at  the  place  of  Mr.  D.  G.  Cleveland,  who 
kindly  gave  me  several  fitcta,  not  only  in  regard  to  his  own  well  but  in 
regard  to  those  in  the  vicinity.  This  well  was  on  the  general  level,  160 
feet  above  Greighton,  or  1,767  above  the  sea.  A  section  of  the  well  was 
nearly  as  follows:  Seventy  or  7S  feet  of  loess- like  clay  with  no  pebbles 
above  bat  with  numerous  calcareous  concretions,  a  few  pebbles  below, 
passing  into  pure  gravel,  which  extended  down  to  a  depth  of  80  feet 
Below  the  gravel  was  10  feet  of  fine  sand.  This,  he  told  me,  was 
the  common  experience  in  wells  of  that  vicinity.  He  had  the  impres- 
sion that  water  was  found  nearly  upon  a  level.  A  well  half  a  mile 
west,  starting  abont  30  feet  lower,  is  about  125  or  130  feet  deep 
and  has  22  feet  of  water.  In  it  there  was  only  abont  40  feet  of  the 
loess-like  day.  In  digging  wells  blue  clay  is  not  nsually  found,  but  in 
a  well  about  2  miles  southeast,  in  a  valley,  2  or  3  feet  of  bine  clay 
was  found  above  sand.  Whether  the  blue  clay  contained  pebbles 
or  not  he  was  unable  to  say.  A  well  bored  half  a  mile  south,  100  feet 
deep,  was  nearly  or  quite  all  in  sand.  A  northwest-sontbeast  line 
passing  abont  half  a  mile  south  of  his  place  marks  the  northern 
boondfUT  of  a  sandy  region — the  ancient  channel  passing  by  Greighton 
and  Plainview  to  the  north  branch  of  the  Elkhorn.  This  line  seems  part 
of  the  eastern  bonndaryof  the  region  supplied  with  water  from  the  Plio- 
cene sands.  No  further  trace  of  drift  was  found  till  we  came  to  the  upper 
branches  of  the  Bow  in  the  southern  part  of  T.  33  K.,  B.  1  W.,  where 
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tlie  drift  appears  again  as  a  gTavelly  terrace  in  the  aides  of  the  principal 
valleys.  An  old  resident  of  the  region  remarked  that  the  bowlders 
Tere  mostly  upon  the  snrface.  This  was  found  to  agree  with  our  obser- 
vations. Because  of  the  nnnsual  variations  of  the  barometer  the  eleva- 
tion of  the  drift  at  this  point  was  not  well  determined,  but  from  its 
relation  to  the  general  level  of  the  country  we  jndge  it  somewhat  lower 
than  Dear  Greighton.  About  Hartington  and  Ooleridge  beds  of  gravel 
and  bowlders  appear  up  to  an  altitude  of  about  1,760  feet  This  eleva- 
tion was  noticed  in  the  sides  of  the  valley  near  Coleridge.  The  elevation 
in  a  high  range  of  hills  4  miles  southwest  of  it  rises  to  about  1,625  feet. 
In  the  wells  abont  Hartington,  according  to  the  testimony  of  Mr.  Beed, 
a  well  digger  of  the  place,  the  wells  are  Irom  36  to  50  feet  in  depth, 
those  upon  the  lower  land  being  shallower.  The  water  is  found 
apparently  npon  a  level.  After  passing  throngh  soil  and  several  feet 
of  silt  and  allaviam  (this  I  jndge  to  be  the  case  from  a  railroad  cat 
near  town)  white  clay  in  layers  is  struck  and  below  that  plastering 
sand  with  pebbles  in  which  specimens  of  petrified  wood  are  frequently 
found.  At  Coleridge,  as  stated  by  Mr.  Miller,  of  that  place,  wells  are 
35  to  40  feet  in  depth,  passing  throngh  about  6  feet  of  black  soil,  17 
feet  of  day  of  loess-like  character,  3  feet  of  sand,  and  then  clay  again. 
At  Concord  there  is  4  feet  of  soil,  then  sand  without  the  clay.  Passing 
eastward  from  Ooleridge,  bowlders  and  pebbles  are  found  to  the  eastern 
edge  of  the  valley  uiK>n  the  terrace-like  tables  in  the  valley  before 
described,  nndemeath  the  capping  of  silt,  but  after  leaving  the  valley  no 
pebbles  are  seen  until  the  valley  of  the  East  Bow  is  crossed.  They  then 
appear  npon  a  few  hillsides  about  the  same  distance  below  the  highest 
hilltops  as  before.  'So  more  ctrift  is  noticed  until  we  reach  the  Missoori 
at  Ponoa.  Everything  is  covered  with  loess,  which  in  the  valleys  has 
washed  down  or  crept  down  i^m  its  original  higher  position.  In  the 
blnfi^  sonth  of  Yermilion  the  following  section  was  observed : 

Seelion  of  the  hlufi  touth  of  Vemilion.  Soath  DakoUt. 

Loeas  witb  a  olayef  atntnin  abont  10  feet  above  it*  baae,  and  below  a  few  la;-  Feet 

eraof  Bmall  pebbles  iuterspereed,  tbe  baee  itself  a  distinct  horiEontal line..  40-50 

Bowlders  and  stiatified  giavel  witli  claye;  patches 3-1 

Coarse  oiBDg»- colored  sand,  ligbt  above,  with  reddish  streaks 3-4 

Fine  white  sand  with  yellowish  strealcB 6-6 

Cretaoona  clays  of  tbe  Benton  gioup 96 

Level  of  the  Mtasoari. 

At  the  landing  at  Ponca  another  fine  exposare  was  found,  for  which 
we  had  time  to  make  only  a  hasty  estimate,  as  follows: 

fiection  al  lAe  landing  at  Ponca,  Nabrailca. 

Loess  with  several  feet  of  sand  below 50  0 

"Chalk  rock," exposed 10  0 

"Chalk  rook,"  not  clearly  eipoaed 40  0 

Dark  shale 10  0 

Dark  shale  or  hard  clay  with  yellow  layers 4  0 

Coal 8-10 

Rusty eandatone....' v.'.^^v<fS'*  ^ 
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Along  the  Missonri,  Bootb  of  Ponua,  driit  exposarea  are  not  prom- 
inent. The  older  formations  riee  high  and  are  capped  with  high  blaSB 
of  loess.  SoQthwest  along  the  lailroad  in  Dakota  Goanty  the  cats 
expoong  drift  in  any  form  are  scarcely  noticeable.  Clusters  of  bowl- 
ders are  reported  along  the  yalley  of  Elk  Creek,  year  Wakefield  a 
few  bowlderets  and  northern  pebbles  are  sometimes  stmck  in  deep  wdla, 
but  generally  south  of  the  watershed  boanding  the  immediate  valley 
of  the  Missonri — that  is,  including  the  short  streams  flowing  directly 
toward  it — the  whole  sur&ce  of  the  oonntry  iB  so  deeply  boried  with 
loesB  that  northern  erratics  are  fUmost  unknown.  Even  experienced 
w^ell  diggers  will  sometimes  aver  that  none  are  to  be  foond. 

More  recently  the  opening  of  the  Pacific  Short  Line  from  Sionx 
City  to  O'Neil,  Kebraeka,  has  afforded  much  better  opportunities  for 


examining  the  surface  formations  of  this  region.  It  is  particularly 
instructive  between  Randolph  and  Osmond,  where  it  crosses  the 
divide  between  the  west  branch  of  the  Logan  and  the  north  branch 
of  the  Elkhom.  West  of  Osmond  no  traces  of  northern  erratics  are 
found  except  a  few  pebbles,  which  are  likely  to  have  washed  Irom  the 
hills  immediately  east.  The  nniversal  subsoil  is  sand,  which  for  the  most 
part  shows  the  shaping  action  of  the  wind.  It  occasionally  contains 
grains  as  large  as  one-fourth  inch  long,  uBually  of  a  light  feldspar.  In 
the  valleys  pebbles,  mostly  of  quartz  of  different  colors  and  well 
rounded,  and  nnlike  those  commonly  found  in  the  drift,  are  found. 

The  valley  of  the  North  Elkhorn,  In  which  Osmond  lies,  is  bounded 
on  the  east  by  hills  more  abrupt  and  higher  tbau  those  on  the  west, 
and  bowlders  appear  on  their  aides.  The  difference  in  altitude  is 
doubtless  due  to  erosion  which  bas  taken  place  since  the  deposition  of 
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the  driit.  Atioiit  1  mile  east  of  Osmond,  and  aboat  25  feet  higher  than 
-  the  station,  an  exposnre  at  the  foot  of  a  north  slope  shoved  typic^  yel- 
low till  with  fev  pebbles,  restdng  conformably  opon  a  drab  pebblelesa 
elay  at  least  2  feet  thick  and  exposed  for  2  rods.  The  junction  was 
even,  horizontal,  and  abrupt.  One  passed  completely  into  the  other  in 
less  than  6  inches.  The  relations  are  shown  in  figs.  17  and  18.  As  the 
road  rose  along  the  east  side  of  the  valley  the  exposures  of  yellow 
till  were  found  appearing  rogularly,  nsaally  with  the  upper  Borface 
Tonnded  similar  to  the  present  surface,  but  not  always  corresponding, 
sometimes  showing  no  correspondence.  It  is  oyerlaiu  by  sand,  loess, 
red  loamy  clay,  or  gray  till,  without  trace  of  an  old  soil  or  distinct 
weathering.  The  ashy  colors  may  perhaps  indicate  action  of  v^etation 
near  water  level,  or  in  some  cases  more  likely  more  direct  derivation 
from  the  drab  Cretaceous  days.  The  annexed  figures  show  the  rela- 
tions of  surfaces  of  the  different  formations. 


Fib.  is.— CnU  tatt  ot  OMUODd.  Kebtuk*. 


About  ISO  feet  above  Osmond,  on  the  west  slope  of  the  divide,  a  dat 
tae»  covering  perhaps  a  square  mile  was  noticed.  From  the  cnta  along 
its  west  and  north  sides  it  seemed  to  be  underlain  by  till  and  topped 
with  20  to  30  feet  of  loess  and  sand.  These  last  seem  to  intermingle 
indiscriminately.  In  some  places  they  are  interstratifled.  The  adjoin- 
ing  figures  sufflciently  illustrate  their  rdations.  The  higher  ridges, 
rising  SO  to  75  feet  higher  than  this  flat,  are  probably  composed  entirely 
of  these  materials.    They  usually  extend  northwest  to  southeast. 

Besides  the  formations  already  mentioned  there  is  also  feund  a 
chocolate-colored  variety  of  the  reddish  loam,  which  is  darker  than  the 
usual  shade  of  the  loam.  It  is  usually  found  in  patches  upon  the  latter 
at  higher  levels.  The  gray,  pebbly  clay  which  was  noted  nearly  filling 
one  of  the  cuts  on  the  west  side  of  the  till  flat  also  shows  more  of  a 
chocolate  shade  above.  ^„, , , ,,   ,_,,.,  ..^ 
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One  very  remarkable  featare  of  the  clays  sfaown  at  higher  levels,  in 
places  very  conspicaonsly,  is  the  occurrence  of  great  (sacks  like  ordi- 
nary mad  cracks  iii  their  general  features  and  arrangement,  bat  on  a 
vastly  larger  scale.  They  are  frequently  8  to  12  inches  wide  at  the 
snrface  of  the  clay  and  penetrate  it  4  to  6  feet.  They  are  filled  with 
sand  &om  the  deposit  above.  The  sand  in  the  tmickB  and  that  directly 
above  them  for  2  or  3  feet  is  aastratifled,  while  the  aorroondiDg  sand 
is  distinctly  and  horizontally  stratified.  The  saud  is  not  in  the  least 
mixed  with  the  clay  in  the  sides  of  the  cracks.  The  cracks  penetrate 
yellow  and  chocolate  or  gray  clays  alike. 

Several  inferences  may  be  fairly  drawn  &om  these  phenomeua:  (1) 
The  till  was  very  wet  when  first  exposed  to  the  air;  (2)  it  became  very 
dry  before  the  advent  of  the  sand;  (3)  the  chocolate  clays  and  yellow 
clays  were  deposited  abont  the  same  time  as  the  clay  and  have  passed 
through  similar  circamstaoces;  (4)  we  conid  not  well  imagine  stronger 
proof  of  the  sabserial  deposition  of  the  sand.  Its  horizontally  stratified 
character  does  not  indicate  deposition  in  water. 

"Very  limited  exposures  of  pebbly  clay  have  been  found,  however, 
about  12  miles  north  of  Winside,  and  as  &r  southeast,  aloog  Humbug 
Ureek;  also  at  a  few  points  along  the  north  branch  of  the  Elkhorn, 
which  have  been  mentioned  elsewhere.  Bowlders  have  been  reported 
also  as  found  along  Plum  Greek  and  Bock  Creek,  in  Cnmtng  County. 
Four  or  5  miles  northwest  of  West  Point  are  two  beuds  in  the  Elk- 
horn  which  cut  deeply  into  its  western  bank.  The  npper  one  is  the 
more  complete.  It  displays  the  formation  fh)m  the  general  level  of  the 
country  down  to  the  level  of  the  stream,  as  follows : 

Steiion  m  Ike  Elkhorn  4  or  6  miU»  Korthwut  of  Wat  Point,  Ktbratka. 

feei.  Id. 

LoBBB,  its  lower  enrfaoe  hoTizontal  and  diitinot;  Jnet  above  it  3  or  4  feet  of 
compaot  clayey  layer,  with  a  Btratnm  in  its  upper  portion  abont  S  inches 
thick  blotched  with  blackiah,  doubtleaB  due  to  oiirbouooeoae  mattei 50    0 

Red  olay,  ita  upper  half  more  loamy,  homogeoBoiiB  and  without  pebbles. 
The  first  6  feet  above  its  base  proaenta  four  horizontal  bands  of  oheck>' 
clay  8  to  10  inehee  thloh,  and  the  next  6  feet  above  foor  more  thin  ones 
of  similar  oharacter.  These  all  alternate  with  sandy  or  loamy  layers. 
Pebbles  of  red  qaarteite  are  oooasionally  foand  in  thin,  short  layera, 
whiabocoDT  as  high  m  20  feet  from  the  base 45    0 

Whitish  clay 1    0 

White  olay  or  marl 2    0 

These  last  two  pass  laterally  into  a  stratum  of  volcanic  ashes  a  few  rods 
farther  west,  away  f^m  the  river.  This  volcanic  ash  bed  is  horizontally 
stratified  in  very  thin  layers,. its  teztaie  ns  fine  as  Qoai;  its  color,  for  thu 
most  pact  grayish  white  with  yellowish  streaks  in  its  upper  portion. 

Mnddy  sand,  passing  lateraUy  into  obliquely  stratified  sand  with  bowlders 

Iwlow 2J  0 

Fine  greenish  clay,  thicker  at  some  points 6 

Yellow  till i    0 

Compact  blue  till , JOsfltf 

Level  of  the  river.  '^''  "  "         ""     O 
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In  the  lower  bend  the  top  of  the  till  is  soarcely  exposed  above  the 
sar&ce  of  the  water.  Ko  distioct  trace  of  the  aeb  stratam  baa  been 
foand  there,  and  the  horizontal  base  of  the  loess,  which  is  very  dis- 
tinctly exposed,  showing  above  the  oarbonaceoas  layer,  is  only  aboat 
60  feet  above  the  sb^am. 

At  the  towD  of  West  Point,  In  a  deep  clay  pit  near  the  sammit  of  a 
bill  northeast  of  town,  a  oombined  section  is  as  follows : 

CtMbined  i«etio»  at  Wul  PoinJ,  Nebr<uka. 

revL. 

LoMB,  Bftndy  above,  Bhowing  wind-drift  strnotiire 3D 

Dfttk  cATbonaoeons  clay  with  nnmerons  ft«gmeiits  of  sbmbs  And  loote  in  it« 

upper  portion 3-4 

Beddish  joint  olaj  without  pebbles,  yellow  and  laminated  above 4-5 

On  the  hillside  west,  40  to  50  feet  below  the  bottom  of  the  pit,  drift 
pebbles  are  scattered. 

Perhaps  J.6  ftot  lower  on  the  hillside,  by  the  schoolhouse,  is  an  exposure 
showing  aboat  IS  feet  reddish  and  yellow  till,  with  a  few  bowlders. 
The  western  side  of  its  lower  portion  slopes  abruptly  and  is  overlain 
for  several  feet  by  horizontally  stratified  sand,  which  probably  corre- 
sponds to  the  sand  in  the  lower  part  of  the  high  terrace  along  the  Klk- 
hom  farther  soath.  The  bottom  of  this  exposure  is  estimated  to  be 
aboat  30  feet  above  the  railroad,  or  45  feet  above  the  Elkhorn, 

Where  the  railroad  crosses  the  west  branch  of  Maple  Greek,  in  the 
.  northern  part  of  Oolfax  Ooonty,  the  following  section  is  exposed: 

SaoUon  in  Co\far  Countg,  Xabrailca. 

Loess  aarronndiiig  a  con  of  yellow  till  wbioh  is  15  feet  in  height  sl>oTe  the  bot- 
tom of  the  cot.  This  above  contatDS  many  chalky  seune,  and  exhibits  red- 
dish oUy  and  Baud  upon  ite  slope 25 

Eight  fitet  lower  the  base  of  the  yellow  till  is  eipoaed  id  the  side  of  a  l>»nk 
near  by  and  below  it. 

Drab-oolored  pebbly  da;  and  fine  stratified  sand 2 

Cl»y If 

Fine  stratified  sand 3 

Between  Tekaoiah  and  Oakland  various  cats  along  the  railroad 
expose  the  loess,  "  old  soil,"  as  its  dark  lower  portion  is  treqnently 
called,  and  red  clay  down  to  the  till. 

About  a  mile  above  Florence  a  fine  section  reaching  down  to  the  sur- 
face of  the  Uissouii  may  be  made  by  combining  two  great  exposures 
which  are  not  fkr  apart.    From  the  top  of  the  till  west  it  is  as  follows: 

SectioH  of  bluff  near  Ftortitoe,  Nebratka. 

Fttt. 

Timbered  slope 50 

Loeaa  exposed,  lower  half  oonsiderably  darker  than  above.     No  dark  stratnm 

near  base  and  red  clay  lacking K 

Till,  yellow  above,  but  mostly  blae.  In  a  few  places  email  pockets,  oontaiuing 
stratified  gravel  and  a  few  large  ones  below  filled  with  very  line  yellow  com- 
pact massive  sand  75 

Level  of  the  river.  ,  -.  , 
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About  a  half  mile  north  of  the  last  a  very  different  section  vas  floely 
exposed  by  ezuavating  for  gravel  at  the  time  of  the  building  of  the 
Omaha  waterworks  near  Florence.    The  followicg  is  the  seotion  (eee 

Stetian  half  mile  ttorth  of  the  lait. 

Feat. 

Slope 10-20 

Loew 25-30 

8tiati6«d  clayey  loam,  yellow,  with  many  calcareous  conoietioDS 7 

VolcMiio  dost  like  that  foiind  farther  we«t,  except  etMoed  with  mst H 

Yellow  clayey  loom,  slightly  stratlfled 5 

Fine  gray  amd } 

Coarse  sand  and  pebbles  obliquely  strati  fled,  mostly  of  nortbem  origin 30 

Uneicpoaed,  probably  part  blue  till,  judging  from  seotions  on  tlie  opposite 

side  of  the  river l&-» 

L«Tel  of  water  in  the  MiaBoori. 

From  many  sections  fonnd  along  the  Platte  vest  of  Fremont  the  fol- 
lowing is  chosen  as  probably  the  most  instrnctive.  It  is  found  near  the 
Bonthem  end  of  the  old  bridge  soathwest  from  town, 

SwlUm  wwt  of  F^enont,  Nebratka. 

Fm(.  In. 
Loess,  the  dork  line  3  feet  above  its  base  appearing  only  as  thin  wary  atreakB  30      0 

Red  clay,  pasaing  toto  drab  ondrnsty  l)elow 11      0 

Whitiah  olay  witli  many  chalky  concretions  and  nnmerooB  pebbles,  some  of 
them  Bcratohed.    This  deposit  ends  abruptly  at  one  end  and  at  the  other 

tapers  ont 2      0 

Similar  reddish  and  drab  clay  with  pebbles,  but  with  few  if  any  bowlders..  22      0 
Light  greenisli  clay,  blotched  with  white,  eitendiug  horizontally  at  least  a 

rod.    Its  ends  are  hidden 1      2 

Beddisb  olay,  passing  below  into  20  feet  till  which  !■  yellonUli  above,  bat  the 

blue  ooloi  rises  in  places  near  the  top. . „..  11      0 

Level  of  the  river. 

Farther  east,  near  the  present  bridge^  a  layer  of  coarse  sand  obliqnely 
stratified  replaces  the  bine  till  to  the  height  of  10  or  12  feet  above  the 
river.  This  is  probably  a  portion  of  the  sandy  aabstratnm  foand  in  the 
high  terrace  developed  along  the  north  side  of  the  Platte.  Farthw 
west,  southeast  of  TimberviUe,  the  strata  are  the  same  as  before  given, 
except  that  the  till  is  not  exposed  and  the  base  of  the  till  is  30  feet  higher, 
and  between  it  and  the  red  clay  is  a  stratum  of  blackish  mucky  clay  4J 
feet  thick.  In  the  bluffs  south  of  Ljnwood  bowlders  and  pebbles 
abound  at  a  level  lying  between  50  and  115  feet  above  the  valley  to  the 
north.  At  the  lower  level  several  feet  of  flue  stratified  sand  appears 
and  ivobably  rises  considerably  higher.  Northwest  of  Schuyler,  on 
the  slope  of  a  high  bluff  overlooking  Shell  Greek  and  the  Platte  Valley, 
many  northern  pebbles  are  fonnd  at  the  height  of  175  to  225  feet 
above  the  latter.  Bowlders  abound  upon  the  hillsides  in  a  strip  from 
10  to  12  mites  wide,  extending  along  the  western  aide  of  Saunders  and 
Lancaster  coanties  nearly  to  the  southwest  corner  of  the  latter. 
In  the  railroad  eats  between  Denton  fmd  Berks,  southeast  of  Lincoln, 
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(here  are  abandant  expoeares  of  the  drift.    Aboat  3  miles  east  of  the 
latter  station  the  following  sectioD  is  foand : 

Saotion  itnttketut  of  Barks,  Nebraaka. 

Slope  from  the  top  of  one  of  the  bighest  hills,  whioh  waa  Btrewn  abnoduitly 

with  bowldera,  to  the  edge  of  a  deep  out 70 

Yellow  till,  moetly  exposed,  with  a  few  bowldera 30 

A  few  rods  ranthweet  of  this,  id  another  ont  overlapping.  Is  found- 
Fine  eand  obliquely  stratified 15 

The  yellow  till  shows  obscnre  traces  of  stTatiflcatioa  in  its  lover  por- 
tiou  in  the  form  of  lajers  of  pebbles,  and  banded  arrangements  of 
colore  parallel  with  its  lower  snrfoce.  The  sand,  on  the  other  hand, 
bears  marks  of  erosion.  Its  strata  end  abruptly  against  the  till,  but 
no  trace  of  distortion  in  them  was  dieoovered.  Their  eroded  sorface 
slopes  abruptly  toward  the  east.  In  lower  cats  on  the  east  the  flue  sand 
occurs  under  the  drift,  sometimes  with  greenish  clay  Interstratifled 
with  its  apper  layer  (see  fig.  16). 

About  3  miles  south  of  Pleasant  Hill,  nbout  20  feet  below  the  general 
level,  the  recent  digging  of  a  well  furnished  unusnally  fovorabie  oppor- 
tunity for  obtaining  the  following  section : 

SeotUm  naar  Pltatant  Hill,  NOrMka. 

BUoksoil 24 

YellowiBb  olay,  paaaing  into  the  next 6 

Beddisholay 6 

Lighter  clay,  distinctly  eepkrated  from,  bat  oonformftble  with,  the  next 23 

Fine  stratified  sand,  quite  compact.    Two  red  qaarbsite  bowlders  were  fonod  on 

its  upper  snrfoce G 

SNid  interstratifled  with  clayey  layers 8 

Niobrara  ohalk  stone. 

N'umeroQS  small  bowlders  of  red  quartzite,  greenstone,  etc.,  are  found 
in  the  deeper  ravines  in  that  vicinity  on  the  same  level  with  their  oocor- 
reuce  in  the  well.  The  chalkstone  also  crops  out  farther  east  along 
Turkey  Creek,  and  underneath  it  is  said  to  occur  a  dark  carbonaceous 
layer,  probably  of  the  Benton  group. 

About  8  miles  southwest  of  Milford,  in  a  deep  bend  in  the  West  Bine, 
which  cats  into  its  southern  bank,  the  following  interesting  section' 
was  found : 

^MlioB  S  mila  lovthKtst  of  Mil/ord,  NOraaka. 

FeM. 

Soil 2 

Ked  gritty  loom 6 

Stratified  loamy  olay  with  thin  strata,  rounded  white  quartz  pebbles,  passing 

Into  the  next 9 

Clayey  graveJ,  with  a  few  bowlders  of  red  qnartzite,  passing  into  the  next 3 

StratiAed  loamy  olay,  with  streaks  of  pobbles 15 

Light-gray  ail ioeons  earth,  volcanic  ashes  very  evenly  laminated 1-t 

■  Thi*  ■eoticn  wu  publlahad  In  Saienw,  IBST, 
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Stotio*  S  milet  lotithivat  ef  MilforA,  Nehrcuka — Cootiaued. 

Feet. 

Clay,  darker  Above,  below  pawing  into  the  next 1} 

Grayaaiid,  with  thinsheetBof  clayetoUiiDOlieBapart S 

Coarse  sand,  with  pebbles  and  bowlders  of  ToriouBBortB  resting  apon  an  nneven 

surface  below 1 

Hard  greenlah  Joint  olay 6 

Slope 8 

Water  of  the  West  Bine. 

A.  few  rods  distAnt  a  les3  complete  but  similar  section  shows  the 
voleanic  ash  layer  &  feet  thict,  and  it  appears  along  the  sides  of  a  ravine 
for  several  rods. 

The  deeper  draws  west  of  the  Big  Bloe,  in  sonthem  Seward  Oonnty, 
freqnently  show  beds  of  gravel  corresponding  to  the  upper  portion  of 
this  section  in  which  the  pebbles  are  mostly,  if  not  entirely,  of  westwn 
origin.  Incomplete  exposures  of  drift  exhibiting  weathered  till  are 
foaod  in  fovorable  circnmstances  over  most  of  the  region  east  of  the 
bowldery  strip  oatlined  above,  bat  the  deep  deposit  of  loess  renders 
their  occurrence  qoite  infrequent.  N'ear  the  Missouri,  and  at  some 
points  quite  remote,  the  loess  is  found  to  rest  upon  the  older  rocks 
without  traces  of  drift  between. 


In  South  Dakota  there  is  a  limited  area  outside  the  moraine  which  is 
occupied  with  loess.    We  proceed  to  consider  the  drift  underneath  it. 

At  Vermilion  there  is  a  terrace  which  rises  about  80  feet  above  the 
flood  plain  of  the  Missouri.  The  southern  edge  of  this  terrace  extends 
nearly  due  east  from  this  place  to  Brule  Greek.  The  structure  of  the 
terrace  is  unusually  well  shown  in  cuts  at  Vermilion.  The  mass  of  it 
is  composed  of  a  pebbly  clay,  the  upper  portion  of  which  ia  quite 
homogeneous  and  of  a  yellowish  color.  In  this  were  noticed  certain 
levels  several  feet  apart,  in  which  bowlders  were  more  abundant. 
Below  the  pebble  clay  is  less  homogeneous,  showing  pockets  of  sand, 
some  stratified  obliquely.  The  prevalent  color  of  the  whole  is  blue. 
No  exposures  were  found  lower  than  20  feet  above  the  river.  Wells  in 
the  town  show  gravel  125  to  160  feet  below  the  surface.  The  upper 
surface  of  the  pebble  clay  was  evidently  eroded  before  the  mantle  of 
loess  which  covers  it  was  put  on.  This  loess  is  not  considered  of  the 
same  age  as  the  more  extensive  deposit,  but  is  probably  simply  a 
deposit  of  silt  in  comparatively  recent  times.  Upon  this  terrace  are 
freqnently  found  basins  resembling  those  upon  till.  The  upper  plain 
of  this  terrace  surface  extends  north  to  the  moraine  and  east  to  Brule 
Creek  at  a  very  uniform  level.  The  exposures  along  the  Vermilion 
River  indicate  that  the  same  general  characters  prevul  throughout. 

A  study  of  the  cuts  along  the  raibM)ad  between  Beresford  and 

Calliope  indicates  that  the  driAi  here,  instead  of  being  gravelly,  as  in 

northern  Nebraska,  is  for  the  most  part  clayey,  the  stony  ingredients, 

including  sand,  forming  perhaps  less  than  30  per  cent.    Between  the 

Bull.  158 6  '  " '"    '   -^■'^"'c'''" 
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moraine  and  Bnile  Creek,  in  sballoir  cats,  yellOT  pebble  clay  and 
loeas-like  clay  are  iuteratratifled,  x>erhap8  by  wash  from  loeaa  ezpoBores 
above.  In  the  cats  near  tlie  side  of  tbe  long  north-soath  valley s  run- 
nJDg  into  Brule  Greek  from  the  north  tbe  pebble  clay  belov  shows  a 
washed  sarface,  and  sometimes  a  thin  layer  of  gravel,  while  sand  pre- 
vails in  tbe  end  of  the  cut  toward  the  valley.  Everywhere  at  low  levels 
(and  there  are  no  deep  oats  very  high  above  the  bottom  of  the  valleys) 
the  correspondence  of  the  drift  with  the  present  surface  of  the  coantry 
is  clearly  seen.  Id  the  summit  cut,  between  Alcester  and  Calliope,  there 
are  exposed  loess  and  an  irregular  layer  of  reddiah  clay  lying  above 
the  yellow  pebble  clay  which  in  some  places  show  5  feet  or  more.  A 
few  small  yellow  sand  pockets  were  observed  with  stratified  gravel  in 
their  upper  portions.  This  was  at  an  altitude  of  90  feet  above  Alcester, 
In  a  cat  about  25  feet  in  depth  2  miles  west  of  Calliope,  on  the  south 
side  of  the  valley  of  a  small  stream  and  about  100  feet  above  the  Big 
Sioux,  the  pebble  clay  was  exposed  to  such  depth  as  to  exhibit  a 
decided  blnish  cast  in  its  lower  portion,  although  the  upper  16  or  20 
feet  showed  the  usual  yellowieb  appearance.  As  in  the  cuts  near  Ver- 
milion, tbe  yellow  passes  insensibly  into  the  bluish  pebble  clay.  Here 
the  yellow  banded  seams,  dividing  tbe  blue  till  into  polyhedral  masses, 
were  finely  shown.  Another  peculiar  feature  of  the  pebble  clay  in  this 
out  was  the  existence  of  cracks  which  resemble  immense  mad  cracks, 
descending  3  or  4  feet  from  the  surface  and  wideuing  above  to  4  or  5 
inches.  These  cracks  were  filled  with  a  coarse  yellow  sand.  With 
this  exception  no  deposits  of  sand  were  fonnd  in  the  out.  Similar 
cracks  were  found  to  be  more  nnmeroas  in  some  of  the  cuts  father 
west.  In  this  same  cut  the  pebble  clay  was  capped  with  loess,  an 
eroded  surface  with  several  inches  of  gravel  and  occasional  bowlders 
separating  them.  Another  feature  was  well  shown  in  this  cut  which 
occurs  not  infrequently  elsewhere,  especially  at  lower  levels  in  the  till. 
These  were  patches  of  lead-colored  clay,  free  from  pebbles  and  resem- 
bling tbe  Cretaceous  clay  in  texture  and  color.  These  are  often  2  or  3 
feet  thick  and  from  4  to  5  feet  to  a  rod  In  width.  The  most  rational 
explanation  that  has  presented  itself  is  that  the  core  of  the  hill  is  of 
such  day,  and  that  while  the  pebble  clay  was  forming  this  became 
mixed,  either  en  masse  by  the  thrust  of  ice  or  by  becoming  plastic  it 
flowed  down  on  tbe  already  deposited  drift.  Different  cases  may  have 
been  formed  in  these  different  niays. 

Near  the  Big  Sionz  west  of  Calliope  tbe  bottom  of  the  drift,  as 
marked  by  an  exposure  of  travertine  rock,  is  about  65  feet  above  tbe 
stream,  while  its  top  is  125  feet,  and  has  the  appearance  of  tbe  edge  of 
a  terrace.  Farther  north,  west  of  Eden,  the  top  of  the  drift  near  the 
Big  Sioux  is  about  160  feet  above  the  Big  Sionx.  Along  the  Big  Sionx 
north  of  Elden  is  a  high  terrace  of  stratified  gravel  about  66  feet  above 
tbe  Big  Sioux,  and  in  a  slide  jnst  west  the  Tertiary  (1)  deposits,  com- 
posed of  lead-colored  shale  and  sand,  rise  about  60  feet,  above  which 
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comes  first  aboat  4  feet  of  fine  Band,  tfaeo  pebbles  and  bovldei?. 
The  drift  continues  from  that  npward  to  117  feet  npon  a  spur  extend- 
ing fittm  higher  land  farther  vest. 

Along  the  Dakota  side  of  the  Big  Sioax  below  Beloit,  Iowa,  pre- 
Glacial  deposits  are  found  finely  exposed  at  several  points.  They  are 
especially  conspicDoas  where  the  stream  has  encroached  npon  the  high- 
laud  in  close  proximity  to  the  moraine.  Since  the  formation  of  the 
bowldery  terrace  which  slopes  down  from  the  plain  about  Canton  to 
the  month  of  Bock  Biver,  the  stream  has  found  the  pre-Glacial  beds  so 
easily  corraded  that  it  has  slipped  off  iirom  the  terrace  and  out  down 
from  70  to  80  feet  below  it. 

On  or  near  sec.  18,  T.  97,  B.  48,  the  Big  Sioux  has  encroached  npon 
an  nnasually  high  bank  on  the  south.  About  250  feet  above  the  stream 
is  a  terrace  corresponding  in  height  to  the  upland  east  of  Beloit,  but 
not  so  high  by  50  feet  as  the  till  surface  a  mile  or  two  west,  which  we 
consider  a  part  of  the  moraine.  The  terrace  is  not  folly  exposed,  and  in 
some  places  the  sliddeii  bank  makes  the  thickness  of  strata  somewhat 
donbtful.  Beginning  at  the  top  of  this  terrace,  we  have  made  oat  a 
section  as  follows : 

Stclioii  on  tke  Big  Sioux  Biver,  5|  milet  nut  of  Fairvittti,  So»tk  Dakota, 

Fset. 

LoMS 6-10 

Till  with  inegnlat  stratified  Mod  atrata  toward  the  bottom.  Tbe  low«r  20 
feet  is  bine  and  almost  ftee  from  pebbles.    Possibly  equivalent  to  the 

pebblelesa  elay  eaat  of  Cad tou  and  Sionx  Falls 100-110 

Fine  eoDd  iritb  large  niety  coocietiouB  of  upper  portions  and  a  few  frag- 
ments of  large  pearl;  shells  (Uniosf).  This  stratnui  is  of  undetermined 
thickness  and  is  donbtless  a  aoarco  of  the  very  copioos  springs  along  tbe 

base  of  the  blaff  fartber  eaet  which  deposit  traveitine 20 

Unexposed.    Probably  mnoh  of  it  is  a  pebbleless  clay  of  Cretaoeoos  agfi 110 

Level  of  the  Big  Sioux,  about  1,200  feet  above  the  sea- 
Half  a  mile  fiarthei  east  is  exposed  5  to  6  feet  of  black  day  capped 
with  a  layer  of  sbaly  sandstone  which  passes  below  the  water  of  tbe 
Big  Sioux,  forming  slight  rapids.  This  dark  clay  resembles  closely 
the  Benton  clay  as  seen  opposite  Vermilion,  bat  no  fossils  were  found 
to  decide  the  point.  It  is  probably  a  rearrangement  of  this  clay,  or 
possibly  a  portion  of  the  original  deposit  itself,  which  has  been  suc- 
cessfully used  in  making  ornamental  brick  near  Fairview. 

There  is  little  doubt  that  the  clay  and  sand  near  Eden,  Sontb  Dakota, 
and  those  shown  in  the  cnts  east  of  Canton,  also  north  of  Sioux  City, 
belong  to  tbe  same  formation  with  those  appearing  in  this  section. 
Tbe  sand  may  be  of  very  late  Tertiary  age. 

Along  the  Big  Sioux  between  the  falls  and  Brandon  tbe  drift 
abounds  in  gravel  and  bowlderets,  the  latter  being  largely  formed  of  red 
quartzite.  From  near  tbe  level  of  the  bottom  lands  above  the  falls 
there  extends  a  well-marked  terrace  down  the  river,  sometimes  npon 
one  side  of  the  river  and  sometimes  upon  the  other.    In  its  upper  por- 
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tioQ  it  is  ctHoposed  of  {(ravel,  which  is  coarse  above.  Extensive  expo 
Bores  are  fouad  along  the  railroad.  Its  height  above  the  river  2  milea 
west  of  Brandon,  according  to  railroad  levels,  is  aboat  80  feet.  Keat 
the  Dortbwest  corner  of  T.  101,  B.  49,  are  high  hills,  composed  almost 
entirely  of  gravel,  forming  a  ridge  parallel  with  the  stream  and  rising 
In  their  highest  portion  210  feet  above  it  and  aboat  20  feet  higher  than 
the  gentle  slope  which  rises  from  it  southward  toward  the  monuue.  In 
this  the  coarser  material  seems  to  be  above.  An  exposure  about  50 
feet  below  the  Bummit  showed  coarse  plastering  sand. 

Aboat  the  town  of  Sioax  Falls  are  numerous  exposures,  some  of 
which  are  shown  in  figs.  22-26.  In  general  they  show  in  higher  places 
thin  depoaitB  of  loess,  as  though  deposited  along  the  stream  when  flow- 
ing at  higher  altitodes.  Below  this,  in  some  places,  comes  yellow  peb- 
ble clay,  asoally  with  the  washed  sar&ce.  In  one  case  a  confused  mass 
of  bowlders  is  found  at  this  horizon,  in  others  a  dark  layer  1  to  3  feet, 
as  thoagh  an  old  soil  or  mud  bed  formed  in  the  stream.  This  is  asoally 
tvom  30  to  40  feet  above  the  level  of  the  Milwaukee  station.  In  a  few 
cases  this  seems  to  be  overlain  by  yellow  pebble  clay  instead  of  loess. 

In  the  cuts  northeast  of  Sioux  Falls,  along  the  line  of  the  Illinois 
Central  Bailroad,  there  is  an  exposure  of  deposits  similar  to  those 
noted  east  of  Canton.    They  are  as  follows: 

Sectbm  noTtkeoMl  of  Sioux  FatU,  SouUi  DakoUt. 

Loiwelooas S-(i 

Dritb,  cheeky  yellowish  olaj.    A  few  bUok  etliceuoa  pebbles,  more  nnmerooB 

below,  with  eome  white  pebbles  and  sr.iftll  bowlders  of  rod  qaartzite 6-7 

Dork  HOll-Uke  clay,  cheeked  with  white  coocretiODS  of  bluck  pebbles,  some  of 

them  trap  aodflat -- 3 

Similar,  bnt  lighter,  oontsining  oalcareoiiH   ooacietions   and  blaek  pebbles. 

CoaTMT  bowlders  oome  in  at  the  top  horizontally.     Three  rotten  (CTMiite 

bowlders  were  found,  though  there  were  many  others  which  were  solid 5 

Gravel,  with  muoeroDS  bowlders  in  the  upper  poTtious 10-12 

AdrabplMtia  olay  with  few  pebbles,  weatheiing  a  creani.v  ocher  (older  till)-.       5-6 

The  top  of  the  last  atratam  is  very  little  higher  than  the  Chicago 
and  I^orthwestern  station.  The  gravel  stratum  is  quite  variable  in 
thickness,  and  the  pebbly  clay  above  shows  a  dark  stratum  of  clay 
which  has  the  thickness  and  general  appearance  of  a  soil,  bat  in  other 
cases  is  not  present. 

About  Garreteon  and  north  for  2  or  3  miles  is  a  small  driftless  area, 
which  is  of  peculiar  character.  The  bed  rock  is  Sioux  qoartzite,  mnch 
fissared,  aud  traversed  with  channels  which  are  60  or  more  feet  in  depth. 
The  Split  Bock,  the  principal  stream,  seems  not  to  have  cut  to  tbe 
bottom  of  some  of  the  old  channels.  TJpou  this  rests  a  loess-like  loam, 
in  places  passing  into  fine  sand.  Its  thickness  has  not  been  deter- 
mined, partly  because  it  is  not  easily  di£fereutiated  from  the  loe8»>, 
which  is  probably  of  more  recent  date.  In  a  careful  examination  of 
both  aides  of  the  Split  Bock  for  1^  or  2  miles  north  of  Oarretson  no 
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case  of  ffom  surface  or  northem  erraticEl  was  fonnd,  except  a  very  few 
scattered  over  the  suriace  of  tbe  anderlying  rock,  which  may  easily  have 
washed  from  north  of  the  area.  This  featnre  is  in  marked  contrast 
with  the  snrface  of  the  rock  a  little  west  of  the  Palisades,  where  the 
loam  is  absent  and  the  rock  is  wont  and  grooved  by  the  action  of  the 
ice.  The  thickness  of  the  pre-Giacial  loam  at  Qairetson  has  not  been 
clearly  determined,  bat  a  thin  edge  of  clayey  gravel  is  found  over- 
lapping the  loam  a  little  east  of  Oarretson,  and  a  stony  deposit  of 
northern  sand  and  bowldeiy  clay  is  observed  upon  the  summit  of  sev- 
eral knobs  which  may  be  detached  remnants  of  stream  beda  or  bowldray 
terraces  and  which  rise  125  or  150  feet  above  Garretson,  which  place  is, 
by  railroad  level,  1,496  feet  above  the  sea.  The  connection  baa  not 
been  traced,  but  it  seems  probable  that  this  stony  stratum  corresponds 
with  the  bowldery  layer  at  the  bottom  of  the  till  east  of  Oanton,  and 
tliat  it  marks  the  level  of  the  discharge  of  water  along  the  east  edge 
of  the  Dakota  lobe  at  a  time  somewhat  antedating  the  occupation  of 
the  outer  moraine.  If  this,  however,  is  correct,  the  difi'erence  in  the  level 
and  the  consequent  rapid  currents  southward  wonld  account  for  the 
coarse  material.  This,  it  will  be  observed,  would  correspond  to  the 
earlier  deposition  of  till  east  of  Canton.  A  heavy  gravel  deposit  east 
of  Sioux  Falls  wonld  correlate  well  with  this  same  deposit. 

In  the  loam  capping  the  high  terrace  jnst  east  of  the  Big  Sioux,  above 
the  falls  and  opposite  the  city  of  Sionz  Falls,  there  were  found  in  1894 
two  tusks,  three  or  four  teeth,  and  fragments  of  bones  of  a  large  mam- 
moth. The  tusks  were  over  6  inches  through  at  the  base,  and  the  por- 
tions remaining  were  over  7  feet  long  and  much  curved.  This  terrace 
rises  to  about  60  feet  above  the  present  stream,  and  was  probably  the 
flood  plain  of  the  river  during  the  earlier  occupation  of  the  outer 
moraine.  At  a  lower  level  large  bones,  supposed  to  be  of  a  mastodon, 
were  reported  at  an  earlier  date.  Probably  from  the  lower. level  also 
came  the  skull  of  a  musk  ox  now  in  the  musenm  of  the  tTuiversity  of 
Sonth  Dakota. 

A  few  miles  north  of  Clark,  in  Clark  County,  outside  of  the  moraine, 
beds  containing  wood  and  fresh-water  shells  were  struck,  in  digging 
wells,  26  to  30  feet  below  the  surface.  This  is  the  only  case  which  seems 
to  correspond  with  the  forest  beds  reported  from  eastern  Iowa  and 
Illinois,  and  these  are  not  certainly  known  to  be  covered  by  till. 


In  a  section  opposite  Fairview  drift  was  found  to  a  height  of  240 
feet  above  the  stream.  The  Big  Sioux  has  there  worn  deeply  into  the 
highlands  on  the  east  side.  An  extensive  slide,  probably  caused  by  a 
softening  of  the  Cretaceous  or  Tertiary  clays  below,  has  exposed  about 
BO  feet  of  pebble  clay,  the  upper  portion  of  which  is  yellow,  the  lower 
bine,  exhibiting  the  selenite  seams,  with  the  yellow  layers  adjaoent, 
like  those  shown  in  the  cat  west  of  Calliope  and  already  dracribed.,^ 
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From  a  series  of  cnts  between  the  Big  Sionx  east  of  Cauton  and 
Invood,  Iowa,  as  welt  as  a  carefd  study  of  slopes  aiid  reports  from  a 
few  wells,  we  construct  the  following  section : 

Section  on  Big  Stoia,  eait  of  Canton,  lotva. 

Loeaa,  with  an  undetcTmineil  tbiokness  of  till  probably  occapyiog  the  loner 
portion.  From  some  reports  aa  well  as  fTom  the  cuts  it  would  appenr  that 
nearly  or  all  of  it  was  loess,  but  &oiu  the  distribution  of  wkter  and  tbe 
reports  of  other  well-diggers  it  aeems  that  half  or  two-thirds  of  it  is  till..   !tO-IOO 

GriiTelly  clay  iii  places.  This  seeme  t«  be  the  aame  which  is  conspicnoualy 
developed  na  a  ahonlder  along  the  billsidea  next  the  Big  Sioui  farther  west.     10-20 

PobLIeless  loamy  cliiy  which  weathers  a  ctenmy  yellow  (older  tilK) 50 

A  fine  stratified  xand  without  gravel,  Ijnt  no  northern  erratics.  ThU  sand 
probably  eorrespoiids  to  tbe  sand  west  of  Fkirview.  It  is  water  bearing, 
fbmiBhing  a  spring  in  a  railroad  cnt 18-20 

Unezpoeed,  probably  Cretaceous 60-75 

Level  of  Big  Sioui,  1,227  feet. 

East  of  Kmger's  mill,  back  of  a  terrace  about  50  feet  in  height,  the 
drift  appears  on  tbe  south  side  of  a  small  stream  showing  a  section, 
beginning  abont  108  feet  above  the  stream,  as  follows: 

Section  eait  of  Krager'e  mill. 

Feel. 

Eoddlah  pebbly  clay  with  some  sand &-10 

Stratified  sand,  with  sheets  of  cluy  obliquely  set,  and  from  a  half  inch  to  6 

inches  thick 24 

Blue  till  with  an  irregular  surface  ahove 5-6 

Higher  than  this  section  the  slope  shows  pebbles  to  a  height  of  ISO 
feet,  where  bowlders  are  more  common.  North  of  the  small  stream, 
along  what  appears  to  be  a  mnch-eroded  terrace,  bowlders  and  gravel 
occur  to  the  height  of  125  feet,  above  which  there  is  30  feet  of  loess. 


Fio.  1».— SsDilpIt  aectton  coat  of  HoCiwIe,  Sontb  nakota. 

Three  or  4  miles  west  of  Larcliwood  shallow  wells  show  6  to  10  feet 
of  loess,  below  which  cornea  yellow  pebble  clay  or  till.  This  seems  to 
be  the  prevailing  character  of  the  upland  region  of  Iowa  throughout 
Lyon  Ooonty. 
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Seven  or  8  miles  uortbwest  of  Sioox  City,  about  St.  Ong^s  place, 
as  mentioned  by  I>r.  White  in  hie  report,  and  not  fer  fiwm  the  ranch  of 
D.  H.  Talbot,  are  several  exiKtsores  showing  the  more  recent  depoBits 
overlying  the  Gietaceona  Inoceramns  limeetone  bedHj  which  form  a  con- 
spicaoas  bhoulder  along  the  bloffe  for  many  miles.  The  higher  level 
of  the  Gretaoeoaa  is  about  140  feet  above  the  Big  Sioux.  Above  this 
lies  a  bed  of  waxy  yellow  clay  with  irregular  upper  snrface.  It  seems 
to  be  derived  ttom  the  weatiiering  of  the  limestone  on  which  it  rests. 
Above  this  is  a  bed  of  gray  sand,  coarser  below.  Thie  has  been  sought 
toT  plastering  purposes  in  Stonx  Oity,  A  sketch  of  one  ezposare  is 
shown  in  fig.  19.  In  no  case  have  I  seen  more  that  12  feet  exposed, 
but  it  is  probably  much  thicker  i^rther  back.  The  sand  passes  above 
into  a  greenish  joint  clay  without  pebbles.  Upon  this  rests  a  thin  layer 
of  reddish  till  containing  tho  usual  northern  erratics,  and  just  above 
comes  the  loess.  All  the  exposures  studied  indicate  that  the  clays  and 
loess  have  been  let  down  and  distorted  by  the  escape  of  the  sand  ftom 
below.    A  genwalized  section  would  be  as  follows : 

Oeneraltsed  teoUon  naar  Sioux  City,  loiea. 

Teat. 

Loeu 50 

Beddiihtill 3-6 

Greenish  Joiutelay  mUhoat  pebbles 2-0 

Gray  sjuid,  clayey  ftbore,  coarser  below 7-13 

Yellow  waxy  clay B-f 

Cretsceons  Ko.  3 140 

Level  of  Big  Sioox. 

About  a  mile  northeast  of  tlie  railroad  bridge  across  the  Big  Sioux, 
near  Biveraide,  are  several  sandpits.  In  one  a  large  lenticular  mass 
of  till  was  foand  in  the  loess.    This  was  described  and  figured  in  1895.' 

One  mUe  above  Sioux  City,  between  the  summit  of  Dakota  Point  and 
the  river,  the  following  section  may  be  found: 

Section  1  »t(0  albore  Sioitx  CUs,  loaa. 

TteL 

Slope 25 

Loom,  expoeecl,  vitli  several  feet  at  base   darkly  covered  with  carbonaceona 

matter 150 

Yellow  till  with  an  anoven  snrface  above,  reddish  and  loamy 55 

Low  water  in  the  Hiasouri. 

Abont  a  mile  farther  up  the  river,  at  the  base  of  the  blofT,  is  an 
exposure  of  gravel  about  60  yards  in  length  and  15  to  20  feet  in  thick- 
ness. Its  base  is  unexposed,  but  its  upper  surikce,  which  is  about  50 
feet  above  the  water  in  the  Big  Sioox,  is  a  horizontal  line,  and  the  loess 
stratifled  below  rests  directly  npon  it.  A  remarkable  feature  in  the 
gravel  is  the  occurrence  of  three  great  bands  of  coarse  gravel  and 
cobblestones,  alternating  with  finer  material,  which  dip  abruptly  to  the 
sonUi  through  the  whole  height  of  the  exposure.  The  dip  above  is 
abont  18°,  bet  gradually  diminishes  toward  the  base. 

■Proo.IinraAiiad.Sol.,Tol.U,pp.aa-38|  alHb;H.F.BaiD  liiIi>wmO«J.Bept.,VoLV,p.aU. 
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A  stady  of  this  locality, which  is  Dear  Biverside  Station,  sabsequeut 
to  extensive  removal  of  the  gravel  revealed  the  following  facta,  some 
of  them  quite  puzzling.  At  first  view  it  aeema  a  clear  case  of  fall 
between  two  beds  of  loess.  The  gravel  shows  a  level  soifoce  for  sev- 
eral rods,  and  at  tbe  south  end  it  has  been  foand  to  be  at  least  30  foet 
thick.  At  that  depth  water,  probably  on  a  level  with  the  river,  pre- 
vented fdrther  excavation.  Above  the  gravel  at  the  sonth  end  rises  50 
to  75  feet  of  loess.  In  it  were  fonnd  a  fbw  shells  of  Limntea  and  Sphier- 
ium,  which  havenotbeenobservedelsewhere  in  tbe  loess  of  this  region. 
The  sammit  of  the  bill  back  rises  about  130  feet  above  the  river. 

At  tbe  north  end  of  the  exposure  and  100  yards  from  the  last  the 
section  above  the  gravel  is  as  follows: 

Station  tt«ar  Biveriid»  SlatUm,  Imca. 

Feet. 

Slope,  lo«e8 50 

Loess,  e\poe«d 5-6 

Reddish  till,  thinning  and  dropping  to  the  sonth  and  ranning  ont  in  abont  80 

y»rilB 18 

If  ■aaive  lueas-Iilie  silt,  containing  Sucdnea  avara,  similar  to  those  now  living  on 

tho  Ulnlf  hmck,  blotched  above  with  oarbonaoeouB  matter,  with  n  few  &ag- 

montsof  water  plants  (  I) f. 

Upper  surface  of  tbe  graTsl  some  what  interstratified  with  the  ailt,  and  contain- 
ing tho  same  Suoolnea. 

Within  a  qnnrter  of  a  mile  farther  north  tbe  top  of  the  Oretaceona 
is  evenly  exposed  about  80  feet  above  the  river,  and  above  it  flue  sand 
with  pebbly  clay  above  rising  to  90  to  190  feet,  the  beds  resembling 
those  already  noted  near  Talbot's.  The  most  plausible  explanation 
suggested  at  present  is,  therefore,  that  the  gravel  pit  shows  a  com- 
paratively recent  formation  in  the  base  of  a  high  terrace,  possibly  ocht- 
responding  to  that  south  of  Sioux  City.' 

At  Missouri  Valley,  back  of  the  brickyard,  there  is  found  the  follow- 
ing section : 

Seclion  at  JUuiouri  Vallty,  loaa. 

Feet. 
Loess,  exposed,  with  "charcoal  streak"  a  few  inches  al)ove  the  base  pretty 
well  developed  for  this  region.    This  loess  shows  crevaHses  or  slight  cracks 

nearly  rertical  from  top  to  bottom 90 

Drift  exposed  mostly  reddish  clay,  lonnty  above,  more  stony  below,  and  passing 

into  blue  till  below 40 

lliirty  feet  above  station. 

One  to  IJ  miles  north  of  Council  Bluffs  are  found  three  great  ssnd 
pits  in  the  side  of  the  bluffs.  They  are  known  from  their  owners' 
names  as  Lawlor's,  Olsrk's,  and  Oassady's  sand  banks,  naming  them 
in  order  beginning  with  the  most  northern.  At  Clark's  bank  we  find 
the  most  complete  exposure,  althongh  some  of  tbe  members  are  bet- 
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Ut  represeDted  in  the  other  banks.    The  section  at  Clark's  bank  is  as 
follows : 

Sectional  ClarVi  »a»d  bank,  1  to  H  aiilea  north  of  Couneil  Blufi,  lova. 

Feet. 

liOtM,  eipOBed,  trhioh  isaandy  below 20 

Dftrk  clayof  loun 3-4 

Coarse  sand,  obliqnely  atratified  in  thick  Ia;en,  wiUi  a  layer  of  clay  6  to  S 

iDchea  in  thickuew,  interpolated  12  to  15  feet  At>m  the  bottom 40 

Gravel 6 

Bine  till,  white  i>obblB8 8-10 

UneipoMd,  bnt  probably  mostly  till  flovel  of  the  lalce) ^ 

At  Lairlor's  the  sand  is  slightly  consolidated  in  its  npper  layers, 
forming  a  sandstone  a  fow  inches  thick.  A  row  of  angnlar  blocks  of 
clay  appears  in  the  sand  12  to  15  foet  above  the  base.  The  gravel  is 
fonnd  S  feet  thick,  obliqnely  stratified,  with  layers  8  to  12  inches  in 
thickness.    The  blae  clay  appears  as  before. 

At  Oassady's  bank,  2  or  3  miles  north  of  Conncil  BlofTs,  Iowa,  we 
have  the  following  section: 

Station  al  Ca»»adg'i  land  bank,  1  to  H  mllei  norlh  of  Couneil  Itluffa,  loiea. 

FMt.  In. 

Slope 80  0 

Loees,  exposed 20  0 

Clayey  loeM,  with  conoretioDB 3-*  0 

Sandy  loeM 3-4  0 

Coarse  eund,  suitable  for  plaaterlug,  found  in  eight  or  nine  layers  3  to  10 
feet  thick,  all  obliqnely  stratified,  dipping  toward  the  south,  excepting 

one  or  two 45  0 

Fine  wet  clay,  uniform  in  thicknees 1  3 

Busty,  coarse  sand  with  cobblestones  below;  some  of  the  layers  consoli- 
dated   10-12  0 

Below  the  last  unmber  a  copioas  spring  comes  oat,  which,  probably 
like  many  others,  marks  the  upper  sarface  of  the  till. 

From  4  to  5  miles  north  of  Pacific  Junction,  along  the  base  of  the 
blufTs,  are  some  remarkable  exposures  showing  the  base  of  the  blue  till. 
This  is  seen  to  extend  horizontally  for  a  mile  or  more,  being  exposed 
very  distinctly.  In  the  principal  exposure  the  following  section  is 
found : 

SeotioD  4  milM  north  of  Pacific  Jtnction,  lova. 

Feet. 

Yellow,  reddish,  and  loamy  pebble  clay IS 

Slope,  indicating  mnch  lasty  sand ES 

Consolidated  sand i 

Clayey  gravel  in  patobes,  with  fine  yellowish  sand,  and  strips  of  yellow  anil 
blue  till  intermingled  with  them 12-15 

Typical  bine  till,  with  its  base  very  even  and  horizontal .--       3-C 

Joint  clay  without  pebblea,  of  a  dark  brownish  gray,  passing  below,  in  its 
thickest  portion,  iata  reddish  clay  with  horizontal  bands  of  roonded  cob- 
oretionsAxtiu  4  to  6  inches  in  diameter;  its  lowest  surfiweTery  uneven 11-17 

Light  gray,  fine,  stratified  sand,  containing  small  globular  oouoretioue 9-10 

I«vel  of  Uiasonri  bottom  lands. 
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About  2  miles  north  of  Pacific  Janotion  the  following  section  is 
exposed: 

St«tion  I  mllet  north  of  Fadfic  JunoHon,  Iowa. 

Feet. 

BrowDiBb  clay,  pawing  ap  into  soil 3 

Light-colored  sund;  marl,  paWLDg  into  marl  below,  and  witb  black  uid  wbite 

conoretionB  above 3 

Layer  of  cbalky  coucretiona  with  black  interior ^ 

Verj  fine  sand,  obliqnely  atratified,  pHasing  abniptlj  below  into  the  next 6 

CowTMSMid  and  Bmsll  quartz  pebble* i 

East  of  Pacific  Junction,  in  a  spur  of  tlie  blttfEs  near  Keg  Creek,  is 
a  deep  railroad  cut  vith  the  following  section : 
Seelion  near  Keg  Creek,  lotoa. 

FMt. 

Dark-reddiab  or  chocolate-colored  loam  extending  horizontally  across  the 
exposure 3-i 

Yellow  till,  uneven  aliove  and  with  loess  filling  tbe  depr«Miona  nnder  the 
dark  stratum,  uianjr  chalky  conoretions  above  and  large,  irregular  saud 
poeketa  below.  Remains  of  a  yoang  mammoth  was  fonndin  tbe  base  of  tbe 
loow  or  top  of  tai 20-K 

Unexposed 4-5 

Irregularly  bedded  limestone,  Carl>onirerons 4 

At  the  point  of  the  biuff  sontli  of  Pacific  Junction  2  or  3  miles,  at 
one  of  a  series  of  copious  springs,  there  is  the  following  ezposore  of 
drift: 

Erpmare  S  miUt  (oHtft  of  PaoiJU  JunoHon,  Iowa. 

StratiBed  gravel,  somewhat  consolidated 2-6 

Dark  bine  till,  resting  directly  upon  tbe  next |-1 

Gray  limestone,  which  Is  striated  in  a  direction  S.15'^  E.  (mag.);  this  is  about 

20  feet  above  the  bottom  laud ..... . 3 

One-half  mile  farther  south  and  60  feet  above  the  bottom  laud  is 
another  glaciated  surface,  several  yards  in  extent,  uiran  a  layer  of 
compact  blue  limestone  about  a  foot  thick,  resting  upon  clay.  Striae 
are  found  upon  its  surface  having  the  following  directions :  The  deeper 
ones  S.  18°  E.  and  S.  26°  E.  There  are  also  some  S.  54°  E.  and  S.  62°  E., 
very  distinct,  and  still  smaller  ones  S.  70°  E.  Abont  a  rod  east  of  the 
first  locality  striie  were  found  3. 14°  E.  and  S.  8°  E,  There  are  now 
only  a  few  inches  of  rnsty  sand  resting  on  this  sarface,  with  the  loess 
above. 

In  southwestern  Iowa  numerous  exposures  have  been  examined  along 
tfae  various  railroads.  It  seems  unnecessary  to  enter  into  details,  but 
better  to  give  only  a  general  statement  As  a  rule,  the  loess  shows 
fonr  or  five  clayey  layers,  fh>m  a  tbot  to  a  foot  and  a  half  ia  thickness 
at  its  base,  with  fVequeut  traces  of  carbonaceous  matter  in  its  lower 
portion.  Underneath  this  appears  the  red  clay,  first  without  and  then 
with  pebbles,  passing  below  into  till,  which  in  some  oases,  as  near 
Olairinda,  is  40  feet  or  more  thick. 
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The  jaDction  of  the  loees  appears  aa  a  rule  only  iu  tlie  liigher  cuts 
apou  the  BamDiite  separating  the  principal  streams  flowing  Into  the 
MiBsonri.  Ixiwer  cnts,  which  are  the  most  common,  present  an  eroded 
surface  of  till  npou  which  the  loess  rests,  with  the  red  clay  occasion- 
ally appearing  between.  Usualiy  the  snrfoce  of  the  drift  is  approxi- 
mately parallel  to  the  present  surface  of  the  country,  its  convexity 
Qsaally  being  less.  The  till  presents  the  same  featores  which  have 
been  noticed  elsewhere. 


KLBVATIONS  0 
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These  elevations,  from  the  natore  of  the  case,  are  less  definite  than 
some  which  have  been  given.  For  the  most  part  they  are  of  points 
where  the  loess  and  drift  show  their  original  relation  to  each  other. 
They  are  in  every  case  barometric.  Those  showing  old  soil  or  charcoal 
streaks  are  marked  with  an  asterisk  *);  eroded  surface  under  deep 
loess  with  an  obelisk  (t). 

EUeaiioni  of  nu/iKia  of  dr\ft  in  loeti  region. 


Sonth  of  Niobrara 

DeTilaNeet 

East  of  Creigliton 

Eftst  of  Osmond 

East  of  Norfolk 

IVelve  milea  north  of  Northside 

Clarkaon  

Five  milea  northwest  of  Schnyler 

Near  LId  wood 

BoDB  Creek,  east  of  David  City 

Oennanlown 

Kast  of  MilfoTd 

I    Berks 

Eight  miles  Bontb^Mt  of  Milford 

8oDtIi  of  Pleasant  Hill 

Four  niilM  southeast  of  Yankton 

SonthofSt.  Helbna 

Five  miles  northwest  of  HartiugtOD . . 
Five  miles  sonthweet  of  Hartiugton. . 

Wast  of  Coleridge 

Kortheaat  of  Emerson .. 

Five  miles  northwest  of  West  Point.. 

Soatheast  of  Timberrille 

Sonthweet  of  Fcemont 


426-460 

460-475 


1,672 
1,400 
1,59B 
1,630 
1,450 
1, 450-1, 475 
l,47f>-l,500 
1,475 
1,440 


1.610 
l,710t 

i,3eof 

1,426 
1,340 
1,280 


MOEAE5E8  OP  BOUTHEA8TEEN  BOUTH   DAKOTA.       [acM-ua 
EttwMMU nf  na/aee of  Mft in  loettrtgitm — Cmttin'ued. 


LouOltT. 

S 

BloTMIcn 
abort  tht  mm. 

476 
MO 
306 
366 
2361 
236 
216 
220t 

1.330     1 
1,125     1 
1,1TC 
l,466t 

1,450 

m 

96 
290 
190 
IM- 
76 
76 
70 
160 
170 

1310    j 

100 
100" 

1006 

235 

226 
336* 
300 
125- 

185 

1230 
1330 
1350 
1150 
1076 
1140 
1230 
1154 
1266 
1330 

WegtofMwne 

240 
346 

380" 

The  elev&tioDS  given  from  lova  are  mostly  taken  from  the  sammits 
between  importaDt  streams.  The  juDction  of  the  red  elay  and  loess 
often  lies  conaiderably  lower  in  the  cuts  adjacent  to  these. 
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BBIATIQNS  or   DBIFT  TO   LOBB8. 

The  relatioua  of  the  drift  to  the  loess  vary  Id  different  localities. 
Prof.  IS.  H.  Wincliell  Id  his  annnal  report  for  1877  pablished  obaerra- 
tions  indicating  the  gradaal  passf^^  of  loeas  into  till  in  the  south weetem 
part  of  Bock  Connty,  HinnesotBb  Thia  woald  nearly  correspond  to  vhat 
the  writer  has  elsewhere  described  iu  sections  where  the  till  and  loess 
are  connected  through  the  mediam  of  the  red  clay.  Where  the  apper  snr- 
face  of  the  latter  is  rendered  indistinct  by  the  absence  of  the  "  old  soil" 
and  the  loamy  and  pebbleless  character  of  the  red  clay  the  statement  of 
Professor  Winchell  wonld  be  exactly  realized.  Such  have  been  fre- 
qaently  found  by  the  writer  in  soathwestem  Iowa,  especijdly  whraw 
deposits  have  been  somewhat  disintegrated  by  weathering  or  leaching, 
NeverthelesB,  that  the  normal  relation,  at  least  in  the  central  i>ortion  of 
the  region,  is  one  of  distinct  division  between  the  red  clay  and  loess 
seems  home  ont  by  observations  which  have  been  recorded  above.  As 
has  been  fonnd  in  nnmerons  localities,  the  drift  often  has  a  very  distanctly 
eroded  surface,  which  is  marked  by  its  unevenness  and  by  the  presence 
upon  it  of  an  unusual  number  of  i)ebbles  and  bowlders.  This  washed 
surface,  so  far  as  has  been  observed,  is  confined  to  lower  elevations;  in 
soathwestem  Iowa  to  within  100  feet  above  the  present  streams.  It  is 
aoiformly  fonnd  in  cots  where  the  railroad  passes  through  the  spars 
running  into  a  valley.  The  surface  of  the  drift  is  cKinvex,  but  in  less 
degree  than  that  of  the  loess  above.  Another  interesting  relation  is 
found  in  the  cuts  adjoining  the  more  important  streams.  In  such 
cases  the  drift  loses,  in  a  measure,  its  parallelism  with  the  present  sur- 
face or  with  that  of  the  loess,  and  its  culmination  iu  any  cut  is  usually 
toward  the  more  important  stream,  as  would  naturally  follow  from  the 
greater  erosion  of  the  loess  on  that  side.  This  is  found  to  hold  true 
provided  the  important  stream  rises  within  the  loess  area. 


Kumerous  references  have  been  made  to  the  carbonaceous  matter 
between  the  loesa  and  red  clay.  Where  the  deposits  are  well  preserved 
at  the  junctions  of  these  formations  there  is  rarely  an  absence  of  car- 
bonaceous matter.  It  is  sometimes  In  the  form  of  driftwood  scattered 
in  the  clay,  as  in  cuts  southeast  of  Malvern,  at  West  Point,  and  south- 
east of  Timberville,  Ifebraska.  More  frequently  it  has  the  appearance 
of  a  dusky  shading  of  the  clay,  usually  for  3  or  1  feet  just  above  tbe 
base  of  the  loess.  This  is  frequently  true  where  the  driftwood  is  found. 
The  term  -'old  soil"  is  properly  applied  to  snch  exposures.  Its  color 
may  often  be  well  described  as  chocolate,  though  it  is  sometimes  more 
like  that  of  black  loam.  The  carbonaceous  matter  is  sometimes  fonnd 
in  wavy  streaks  scattered  through  the  clay,  as  though  sparingly 
deposited  with  the  embedding  of  the  material.  Angular  fragmente  of 
charcoal  are  distributed  in  the  same  deposit,  usually  very  sparsely,  but 
sometimes  in  pockets.    These  firagments  are  generally  quite  minute,  but 
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io  one  case  they  were  foand  nearly  half  au  inch  through  and  apparently 
from  sticks  6  inches  in  diameter.  That  these  fragments  are  of  charcoal 
rather  than  of  rotten  wood  is  indicated,  althoagh  not  proved,  by  their 
angalar  character,  and  the  fact  that  at  this  same  horizon  wood  is  foand 
well  preserved.  From  the  presence  of  the  charcoal  this  has  been  named 
the  charcoal  streak. 

The  old  soil  and  charcoal  streak  are  foand  only  where  the  surface  of 
the  drift  is  not  eroded.    lu  using  the  term  "old  soil"  the  writer  woald 
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not  aasome  that  saoh  is  its  real  character.  So  unmistakable  evidence 
of  plants  growing  in  position  has  been  found  in  it.  Although  some  of 
the  fragments  apparently  are  from  roots,  examination  has  not  shown 
them  to  be  in  their  natnral  position,  while  in  other  localities,  as  at 
Malvern,  Iowa,  the  fragmento  have  a  slivered  and  worn  appearance, 
as  if  they  had  been  transported. 

Another  question  arising  at  this  point  is  whether  this  stratum  is 
more  closely  connected  with  the  loess  or  with  the  red  clay.  Usnally 
the  material  and  stractore  of  the  deposit  aside  from  the  carbonaceous 
matter  are  hardly  distinguishable  from  the  loess.    Moreover,  often  the 
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junction  between  it  and  the  red  clay  is  distinctly  marked,  while  on  the 
other  hand,  although  its  color  ends  quite  abruptly  upward,  the  body 
of  the  deposit  seems  continuous  with  the  loess.  We  conclude,  there- 
fore, that  in  most  cases,  at  least  in  this  region,  the  formation  is  a  deposit 
of  carbonaceous  mud.  In  some  localities,  especially  the  more  elevated 
and  those  toward  the  western  margin  of  the  region,  it  may  prove  to  be 
real  soil.    Figs.  20  and  21  illustrate  some  of  the  points  mentioned  above. 


The  drift  in  this  region  is  represented  by  three  memliers — till,  red 
clay,  and  gravel  and  sand  beds. 
The  first  is  confined  mainly,  if  not  exclusively,  to  a  belt  along  the 
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Big  Sioax  and  Missouri  f^om  30  to  50  miles  wide  in  the  northern  portion, 
but  rapidly  widening  below  Dakota  City,  so  that  in  the  tatitnde  of 
Lincoln  it  reaches  from  the  Big  Bine  west  of  the  Missouri  to  at  least 
an  equal  distance  east  of  that  river.  The  second  is  found  everywhere 
except  where  its  absence  can  be  referred  to  erosion.  In  its  pebbleless 
form  it  contiDuea  westward  indefinitely  underneath  the  "  old  soil."  The 
third  is  most  extensively  develoi>ed  in  Knox  and  Cedar  counties,  Ne- 
braska, at  a  high  level;  but  similar  deposits  are  found  near  the  present' 
chauDelsof  the  Big  Sioux  and  Miasonri  at  much  lower  levels,  especially 
soatbward. 

As  to  elevation,  tbe  flrst  is  mainly  confined  to  medium  and  lower 
levels.  The  second  is  found  at  all  levels,  though  more  removed  by 
erosion  at  lower  levels.  The  third  occurs  at  higher  and  lower  levels  less 
frequently  than  at  medium  elevations. 

The  drift,  as  was  long  ago  recorded  by  Dr.  G.  A.  White,  is  less  prom- 
inently developed  near  the  Missonri. 

The  base  of  the  drift  is  found  where  the  blue  till  is  wanting,  as  in 
northern  Nebraska,  and  in  the  lowest  levels  along  the  Missouri  Biver 
in  the  sonthem  part  of  the  region  under  consideration;  also  at  other 
locations  tbronghont  this  region  where  older  rocks  protrude  to  unnsnal 
height.    In  other  circumstances  it  is  not  found. 

The  drift  of  the  region,  so  far  as  has  been  observed,  contains  no 
erratics  of  local  origin  except  within  5  or  6  feet  of  the  original  beds. 

Strite  are  of  exceptional  occurrence  even  in  localities  where  they  are 
found.  Disturbance  of  underlying  beds  has  been  very  rarely  observed, 
and  where  observed  it  is  of  inconsiderable  amount. 


We  proceed  to  consider  the  loess,  which  covers  this  region  as  a 
mantle  and,  with  superabundant  folds,  spreads  farther  west  and  south. 
In  oar  discussion  of  its  characteristics  we  shall  find  it  convenient  to 
transcend  the  bounds  of  the  drift  as  before  laid  down. 

By  the  term  loess  we  wonld  designate,  in  the  present  case,  not  simply 
tbe  kind  of  deposit,  but  only  the  dei>osits  of  this  kind  which  were 
made  contemporaneously  with  its  principal  development  in  this  region. 
The  silt  capping  of  the  high  terraces  before  mentioned  and  the  bulk 
of  some  of  the  more  recent  terraces  are  physically  indistinguishable 
from  the  true  loess.  The  same  is  true  of  an  older  deposit  described 
elsewhere. 

Structure  and  composition  of  the  loess. — The  loess  has  been  so  often 
defined  that  a  detailed  description  is  unnecessary.  It  is  composed 
mainly  of  fine  grains  of  silica,  some  of  which  attain  the  size  of  0.2  of 
a  millimeter,  though  much  the  greater  number  of  particles  are  less  than 
0.01  of  a  millimeter.  These  particles  are  coated,  more  or  less,  with 
oxide  of  iron  and  calcium  carbonate.  The  amount  of  the  former  gives  it 
its  color,  which  in  the  typical  form  is  usually  a  light  buff.    With  it  axe 
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mixed  many  small  grains  of  clay.  The  flDer  iogredieots  appear  to  con- 
stitute a  cement  which  holds  it  firmly  together,  so  that  it  asnally  Btands 
firm  like  indnrated  rock,  unless  softened  by  moisture.  Tn  the  latter 
case  it  has  a  very  slow,  creeping  movement  on  slope.  It  is  often  trav- 
ersed by  vertical  fissures,  which  in  some  cases  may  be  compared  with 
crevasses  in  glaciers.  In  some  localities  the  grains  of  silica  are  rather 
angalar,  even  the  largest,  bnt  more  commonly,  so  far  as  observation 
goes,  the  larger  grains  are  mor^  or  less  rounded,  sometimeB  worn  Bmootb, 
and  the  smaller  grains,  though  relatively  less  worn,  are  apparently  as 
much  BO  as  could  be  expected  from  their  diminutive  aize  and  the  con- 
sequent feeblenesB  of  their  impact  during  transportation. 

Thongh  remarkably  homogeneous,  It  still  shows  variationa  in  color, 
which  are  often  quite  conspicaons  when  seen  over  extensive  ezposnres. 
Its  uBual  color  is  a  dull  yellow,  bnt  it  is  not  infrequently  of  a  light 
asby  hue,  with  a  bluish  cast  when  permeated  with  moisture.  The  dis- 
tribution of  these  colors  formB  one  of  the  most  reliable  evidences  of  its 
stratified  character.  In  the  extensive  excavations  recently  carried  on 
near  Goancil  Blaffs,  Iowa,  an  obvioosly  darker  band  coald  be  seen 
when  viewed  from  a  distance,  marking  a  horizontal  line  for  half  a  mile 
or  more.  This  was  some  75  or  80  feet  above  the  bottom  lands  of  the 
Missouri.  Similar  horizontal  bands  have  been  traced  in  cuts  of  higher 
elevation  and  more  remote  from  the  Missouri.  This  obscure  BtratiSca- 
tion  has  also  been  found  in  some  cuts  to  show  a  curved  arrangement 
corresponding  to  the  Burfacee  above  and  below.  The  ashy  appearance 
in  other  cases  seems  to  be  a  result  of  more  recent  leaching  of  the  loess 
by  carbonaceous  waters.  In  this  way  may  be  explained  the  frequent 
occurrence  of  ashy  loess  near  the  ends  of  cuts. 

Extent  of  the  loms. — The  boundary  of  the  loess  on  the  west  is  very 
indefinitely  determined,  and  must  necessarily  remain  so  for  several  rea- 
sons: (1)  The  obscuring  of  the  limit  by  the  encroachment  of  the  sand 
fiom  the  west,  under  the  influence  of  the  wiud ;  (2)  the  possible  passing 
of  loessintothisBaudy  deposit  on  the  west;  (3)  the  close  resemblance  of 
the  loess  to  residuary  loams  and  to  lacustrine  and  flavin  deposits  of  a 
different  epoch.  In  general  it  may  be  said  to  extend  along  the  Elk- 
bom,  Platte,  and  Bepublican  rivers  indefinitely  westward,  while  over 
the  areas  between  it  extends  not  nearly  so  &a.  As  observed  new 
Friend  and  Dorchester,  Nebraska,  the  prevalent  deposit  is  not  the  typ- 
ical loess,  bnt  is  much  more  clayey,  and  the  yellowish  tint  is  replaced 
by  a  reddish,  so  that  it  resembles  a  deposit  found  elsewhere  beneath 
the  loess.  Whether  this  deposit  is  really  a  clayey  equivalent  of  the 
loess  or  whether  it  is  of  older  formation  has  not  been  determined.  It 
has  been  observed  by  the  writer  near  liTorfoIk  and  thence  down  the 
Elkhom  to  ita  mouth;  also  np  the  Loup  Biver  as  for  as  Scotia,  and 
along  the  Platte  as  far  as  Plum  Greek,  and  deep  deposits  of  it  are 
reported  ftom  the  vicinity  of  the  S'orth  Platte.  It  abounds,  according 
to  Professor  Augbey,  along  the  Bepublican. 
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The  eastern  edge  or  tbe  loesB  in  difficult  to  determine  because  the 
deposit  is  fragmentary  and  is  deeply  covered  with  soil  closely  resem- 
bling that  of  weathered  drift.  The  presence  of  pebbles  is  usually, 
though  not  always,  decisive  proof  of  uuderlying  drift,  but  much  of  tbe 
drift  seems  covered  with  a  soil  in  which  pebbles  are  scarce.  The  east- 
ern boundary  of  the  loess  is  described  by  Dr.  White  in  his  report  upon 
the  geology  of  Iowa,  Vol.  I,  page  100,  viz : 

Commenoing  at  tbe  soutbeasteta  comer  of  Fremont  County,  follow  np  the  water- 
shed betweea  the  East  NishDnbotanyftDd  West  Tkrkio  rivers  to  theaoatbem  bound- 
ary of  Casa  County,  thence  to  the  center  of  Aadiibon  County,  thenoe  to  Tiptop 
(Arcadia)  Station  on  the  Chicago  and  Northwestern  Railway,  thence  by  a  broad 
curve  weetwoTil  to  tlie  nartbwnet  comer  of  Plymouth  County.  The  last-named 
point  is  probably  very  near  the  moxt  nortberly  point  to  wbicb  tbe  deposit  reacbes, 
certainly  tbe  most  northerly  one  to  which  it  reaches  in  Iowa. 

Further  investigatiou  has  shown  the  last  statement  to  be  an  error. 
Moreover,  the  loess  continues  east  of  the  limit  named,  becoming  of 
lighter  color,  coarser  texture,  and  less  homogenous,  passing  in  tbe  Des 
Moines  Valley  into  the  second  till  ot  McOee. 

According  to  Prof.  ff.  H.  Wincbell,  of  tbe  Minnesota  survey,  it  rises 
to  tbe  1,550-foot  contour  Hue  in  Rock  and  Nobles  counties,  Minnesota, 
or  geographically  it  extends  nearly  to  the  southwest  quarter  of  the 
former  county  and  tbe  southwest  township  of  tbe  latter,  with  a  narrow 
area  along  the  south  boundary  of  tbe  former  county  connecting  them. 
In  Iowa  it  is  tbund  covering  most  of  the  surface  of  Lyoii  aud  Sioux 
counties.  This  continues  the  boundary  ttom  the  point  last  named  by 
Or.  White  more  than  50  miles  farther  north. 

The  general  statement  given  iu  the  above  quotation  is  correct,  but 
additions  may  be  made  to  it  as  follows :  White  the  eastern  edge  iu  Lyon, 
Sioux,  and  Cherokee  counties  is  ill  de&ned,  in  Sao  County  it  follows  the 
watershed,  and  in  Car''oll  and  Guthrie  counties  the  loess  terminates  in 
a  thick,  abrupt  edge  overlooking  the  valley  of  tbe  Middle  Kaccoou  iu  a 
way  similar  to  that  in  which  it  overlooks  the  drift  region  west  of  tbe 
Big  Sioux  in  Lincoln  County,  South  Dakota,  from  tbe  high  bluS's  east  of 
tbe  same  stream.  This  feature  was  first  described  by  Prof.  O.  St.  John 
in  the  Iowa  reports.  It  is  well  shown  by  figs.  23  and  24  (pp.  101, 102), 
taken  from  the  same.  It  will  be  remembered  that  a  similar  relation 
existed  along  its  northern  edge  in  northern  Kebraska  and  in  north- 
western Iowa. 

In  Adams  County  and  adjacent  counties  in  southwestern  Iowa  the 
loess  extends  np  the  valleys  of  the  principal  streams,  while  the  drift 
occupies  the  higher  country. 

Southward  tbe  boundary  of  tbe  loess  has  not  been  well  determinetl. 
It  certaiuly  preserves  ite  typical  features  and  undoubted  character 
along  the  immediate  valley  of  the  Missouri  to  Kansas  City  and  beyond. 
Several  of  the  Missouri  geologists  have  recognized  it  in  the  surface 
clays  covering  most  of  the  counties  of  that  State  north  of  the  Missouri 
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Fofsils  IK  the  loeat. — L&od  aiid  &esh-water  shellB  belonging  to  reoent 
species  are  found  in  great  abundance  in  certain  localities  of  the  loess. 
Tbey  belong  mostly  to  terrestrial  species,  bat  a  few  are  distlDctly 
aqaatin.  These  fossils  have  not  been  noticed  in  northern  If  ebrasba  near 
the  moraine,  bat  mostly  in  soothwestem  Iowa  and  central  Nebraska. 
Fragments  of  anios  have  been  reported  &om  northwestern  Iowa,  bat 
they  seem  likely  to  have  been  derived  from  the  graves  of  Indians,  by 
whom  they  were  used  as  ornaments.  Tbey  may  have  been  scattered 
also  around  camps  where  they  were  eat«n.  In  the  loeaa  bluffe  near  the 
Hiaaouri  in  soathwestem  Iowa  patches  of  ash-colored  loeaa  are  foand 
connected  with  faint  impressions,  which  seem  to  be  traces  of  pieces  of 
bark  and  driftwood,  bnt  snch  can  not  be  positively  stated.  Some  of 
the  horizontal  streaks  and  bands  of  ashy  loess  may  mark  the  former 
deposition  of  vegetable  matter  which  by  its  decay  in  its  porons  sur- 
ronndings  haa  reduced  the  sesQoioxide  of  iron,  which  gives  the  yellow 
tdnge  to  the  loess,  to  a  carbonate  which  has  been  removed.  In  several 
localities  detached  bones  and  teeth  have  been  found  20  feet  or  more 
below  the  sarface;  bnt  as  a  whole  the  loess  is  a  remarkably  barren 
depoait 

In  some  localities  certain  horizons  in  the  loeaa  are  very  rich  in  fossil 
shells  over  considerable  areas.  At  Missoori  Valley,  Iowa,  3  or  4  feet 
above  the  horizontal  junction  of  the  loess  with  the  red  clay,  nomerons 
specimens  of  Selix  altemata  and  Saceinea  obliqua  are  foand  with  more 
common  smaller  apecies.  The  expoaores  exhibiting  these  are  along  the 
bluffs  facing  the  valley  west. 

At  Gonncil  Blnffs  a  horizon  of  similar  shells  occurs  4  or  5  feet  above 
adark  layer  resembling  what  has  been  called  elsewhere  the  "old  soU," 
bat  in  this  case  it  is  foand  far  above  the  base  of  the  loeaa,  at  least  40 
feet,  and  how  much  more  can  not  be  stated,  as  the  drift  is  not  exposed 
at  that  point.' 

Concretions  in  the  loess. — These  have  been  well  described  by  Profeaaor 
Call,'  as  well  as  by  others  earlier.  A  few  notes  concerning  their  distribu- 
tion may  be  added.  They  abound  at  csertain  levels,  within  100  feet  above 
the  present  bottom  lands  of  the  Missoori,  in  great  profusion.  They  are 
occasionally  foand  in  horizontal  bands,  suggesting  their  formation 
along  an  ancient  water  level.  Sometimes,  however,  especially  in 
greater  altitudes,  they  appear  in  curved  lines  approximately  parallel 
with  the  present  surface.  Such  a  case  suggests  their  correspondence 
with  the  upper  surface  of  a  portion  of  the  loess  which  at  one  time  was 
water- soaked.  Their  frequent  association  with  holes  formed  by  roots 
suggests  further  the  idea  that  they  have  been  formed  by  the  reduction 
of  the  dissolved  bicarbonate  of  lime  to  the  carbonate  by  evaporation. 

>  For  fiirtlier  and  more  complete  (Utementii  ragudlng  the  loeu  foagllB  of  Ihi*  nclon.  ■•«  8.  Anglwy. 
Esyden'R  ■Duaftl  report  Tor  1«71,  pp.  aae-ieg,  B.E.  Cftll.  Am.  Not.,  188%  p.  BSO;  F.  B.  Meek,  OeoL  of 
HIuodH,  vol. !,  p.  2I!>  (thin  doe>  not  eiclude  foBtlb  from  the  AUnvliim)i  J.S.Tadd,Pnia  Am.  Auoe. 
Adv.  Sol.,  vol.  27,  p.  Z3E.    B.  Shlrnek,  Pn».  Iowa  Aead.  &c\.,  vol.  i,  p.  SI. 

■A  pcper  pnbllahed  In  The  Ameriun  Naturalijt.  Mky,  ISffl. 
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Sach  an  explanatioii  will  not,  however,  explaiiJ  the  cniioa^I;  cracked 
iaterior  of  the  concretioDa.  Althoagh  their  calcareoas  character  is  bo 
pTominent,  a  little  examination  ehowB  that  they  are  largely  composed 
of  sQch  ailiooous  grains  aa  constitnte  the  bnlk  of  the  loess.  That  tbey 
were  not  first  masses  of  calcareous  mad,  perfected  by  concretionary 
action,  seems  evident  from-  their  position,  which  is  osually  with  the 
longer  axis  vertical.  Their  cracked  iaterior,  rather  than  the  resalt  of 
its  shrinking,  as  has  been  fluently  suggested,  is  more  probably  pro* 
dnced  by  the  expansion  of  the  exterior  by  the  building  in  of  fresh  parti- 
cles from  time  to  time  between  those  already  deposited.  The  age  of 
these  concretions  may  not  be  very  great,  for  tbey  are  frequently 
observed  in  loess  which  has  been  recently  rearranged. 

Besides  the  calcareous  conoretiooa  which  have  been  considered  thus 
for  there  are  frequently  found  concretions  of  iron  oxide.  These  are 
formed  nniversally  around  decayed  roots  or  root  marks,  and  are  some- 
times elongated  so  as  to  resemble  lead  pencils  in  size  and  shape. 
Usually  in  their  axis  is  an  opening  formerly  occupied  by  a  root. 

Origin  of  the  loess, — In  comparing  the  loess  with  the  extensive  Ore- 
taceouB  clays  exposed  along  the  Upper  Missouri,  and  evidently  forming 
much  of  the  floor  upon  which  the  drift  sheet  of  Dakota  rests,  one  is 
struck  with  the  abundance  of  silica  in  the  former  and  the  almost  ^tire 
absence  of  it  in  the  latter.  Hence  the  idea  that  the  loess  is  mainly  the 
product  of  the  grinding  of  the  glaciers,  at  least  so  far  as  the  Dakota 
lobe  is  concerned,  seems  to  be  erroneous.  If,  however,  we  turn  to  the 
Tertiary  deposits  of  the  plains  west,  we  discover  vast  beds  of  very 
similar  loams,  in  both  the  Loup  Fork  and  the  Laramie  formations.  There 
is  nnderneath  the  prevailing  greenish  qnartzite,  which  here  and  there 
caps  the  table-lands  along  the  Ponca  Beach,  a  deposit  10  to  20  feet 
thick  scarcely  distinguishable  from  the  loess.  Trace  of  apparently 
the  same  formation  is  mentioned  by  Prof.  If.  H,  Winchell  in  bis  report 
on  tiie  Ludlow  expedition,  as  found  along  the  GannonbalL'  It  seems 
probable,  therefore,  that  much  of  the  loess  material  was  derived  from 
the  western  tributaries  of  the  Missouri  aud  not  exclusively  from  the 
beds  stirred  up  by  the  Dakota  glaciers,  and  yet  there  is  a  probability 
that  these  sandy  beds  may  have  formerly  exteuded  into  the  James 
Valley,  and  so  may  have  contributed  to  the  loess  through  the  instru 
mentality  of  the  ic«  sheet.  The  calcareous  and  alkaline  ingredients  of 
the  loess,  on  the  other  hand,  were  probably  derived  firom  the  alkaline 
clays  and  chalk  beds  in  southern  South  Dakota.  These  have  giv«a  it 
some  of  its  cementing  constituents,  which  are  the  cause  of  some  of  its 
most  peculiar  physical  properties. 

Thickness  of  the  loess. — The  regularity  in  both  the  upper  and  the  lower 
surfaces  of  the  loess  before  mentioned  is  likely  to  mislead  one  in  esti- 
mating its  thickness.  Several  writers  have  apparently  taken  the  dis- 
tance from  the  summit  of  a  hill  to  the  highest  exposure  of  the  drift 

■  See  report  of  Ckptoln  LndloT'ii  reoonnkluuce  of  the  BUck  HUls,  1B7<  p.  23. 
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ondemeath  this  aa  the  {hickness  of  the  loesa.  This  may  reealt  id  mag- 
nifying  it  two  or  three  fold.  In  northwestern  Iowa  the  railroad  cuts 
rarel;  show  a  thickness  of  more  than  15  feet,  and  more  frequently  less 
than  10  feet,  and  it  lies  from  I5U  to  2,10  feet  above  the  Big  Sioax.  In 
Boatheastem  South  Dakota  it  is  found  in  a  very  similar  position. 

In  Fremont  County,  Iowa,  its  thickneas/as  shown  by  wells,  is  from 
160  feet  at  a  very  few  points  near  the  Missouri  to  40  or  60  feet  near  the 
Kisbnabotany.  It  becomes  very  thin  between  the  Nishnabotany  and 
the  Kodaway,  in  Page  County.  In  southwestern  Iowa  it  occurs  down 
nearly  to  the  level  of  the  preiseot  flood  plain  of  the  Missouri.  Bnt 
usually  in  such  cases  there  are  signs  of  rearrangement — it  has  either 
slipped  bodily  from  a  higher  position  or  has  washed  down,  or  else  forms 
portion  of  a  terrace  of  the  Missouri  at  a  lower  level. 

In  northern  Nebraska  its  thickness,  so  far  as  can  be  determined,  is 
rarely  over  100  feet  in  Knox  County,  and  is  more  frequently  less  than 
50  feet,  but  it  is  elevated  from  400  to  5.'>0  feet  above  the  Mi^onrL  In 
Dixon  Ooonty,  opposite  Vermilion,  the  loess  extends  from  an  altitude 
of  125  feet  above  the  river  to  300  feet,  and  farther  back  probably  to 
350  or  400  feet.  It  is  not  nnlikely,  however,  that  its  base  rises  even 
more,  so  that  its  greatest  thickness  ia  near  the  river,  where  it  attains, 
perhaps,  150  feet.  At  Ponca  it  is  nearly  the  same,  with  its  base  aboat 
75  feet  above  the  river. 

The  lower  aurfa<«  of  the  loess  rests  upon  the  drift,  and  the  reli^  of 
the  surface  of  the  latter  may  be  inferred  from  its  altitudes,  which 
were  given  on  a  previous  page.  In  moat  casea,  toward  the  central 
portions  of  the  region  the  base  of  the  loess  is  a  nearly  horizontal  plane, 
and  here  we  usually  find  its  greatest  thickness.  Near  Florence  its  base 
is  75  feet  above  the  Missouri,  and  it  is  estimated  to  be  100  feet  iu  thick- 
ness, At  Council  Bluffs  it  is  probably  over  200  feet,  but  a  continnons 
section  of  more  than  100  feet  has  not  been  exposed  at  any  one  point. 
Judging  Itom  the  external  appearance  of  the  bluffs  along  the  Missouri, 
a  similar  thickness  is  attained  at  several  other  points  from  Sioux  City 
southward. 

The  circumstances  of  the  deposition  of  the  loess  and  its  age  will  be 
postponed  until  we  have  considered  more  fully  its  relations  to  the 
moraine  and  terraces  of  the  priDcijial  streams.  We  now  proceed  to 
consider  more  in  detail  the  features  of  the  loess  region  adjoining  the 
moraine. 

Relation  of  the  loess  to  the  outer  moraine, — Beginning  near  the  mouth 
of  the  Bazile,  the  northern  boundary  of  the  loess  extends  nearly  par- 
allel with  the  Missouri,  at  a  distance  of  3  or  4  miles  from  it,  to  near 
sec.  8,  T.  32  N.,  B.  3  W.  At  that  i>oint  it  turns  abruptly  southward  to 
the  southern  end  of  the  township  and  describes  a  broad  semicircle, 
terminating  at  its  eastern  extremity  in  a  high  hill,  about  6  miles  west 
of  St.  Helena.  From  this  point  to  Ponca  it  follows  quite  closely  along 
the  right  bank  of  the  Missouri,  receding  only  near  the  more  iinportaat 
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TiUIey  of  the  Bow.  Thia  whole  margiD  has  more  or  lesa  of  a  dentate 
character,  the  projectiooa  being  high,  narrow,  and  nsually  extending 
toward  the  northwest.  The  drainage  of  the  loesa  from  thie  edge  west 
of  St.  Helena  is  southward  withont  exception.  This  would  iudlcat« 
that  in  its  earlier  condition,  if  not  at  present,  its  northern  edge  was 
the  highest  portion.  From  this  margin,  especially  from  the  vicinity  of 
Santee  Agency  to  St.  Helena,  the  conntry  descends  abruptly  from  100 
to  200  feet  down  to  the  Oretaceous  clays,  which  occupy  almost  the  whole 
florfoce  between  this  line  and  the  river,  the  only  exception  being  where 
drift  gravels  extend  northward  from  onderneatJi  the  loess,  as  has  beeoi 
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described  in  connection  with  the  drift.    The  very  striking  featores  of 
this  northern  edge  of  the  loesa  are  seen  in  PI.  XIV. 

The  altitude  of  the  highest  points  is  about  550  feet  above  the  river. 
The  thickness  of  the  loess  there  varies  from  30  to  100  feet.  The  eroded 
snrface  of  the  drift  below  was  found  at  only  one  point,  but  so  distinctly 
as  to  leave  no  donbt  as  to  the  fact.  The  branches  of  Bazile  and  Bow 
creeks  have  in  many  cases  worn  down  into  the  underlying  drift.  But 
over  much  of  the  loess  region  one  may  travel  for  miles  without  finding 
a  pebble.  In  Dickson  and  Dakota  counties  the  loess  covers  the  drift 
very  perfectly,  no  pebbles  being  found  even  along  streams  that  are 
eroded  200  or  300  feet  below  the  general  level.    The  loess  in  Lyon 
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Coonty,  Iowa,  sustains  a  very  similar  relation  to  the  Big  Sioux  to  that 
which  it  has  to  the  Missouri  in  northern  S'ebraska,  but  its  edge  is  less 
elevated  and  somewhat  less  abrupt.  Instead  of  being  550  feet  above 
the  stream  it  is  not  more  than  250  feet. 

Professors  White  and  St.  John  noted  a  similar  relation  in  central 
Iowa '.    Figs.  22,  23,  and  24  represent  their  couoluBions. 

In  the  sonthem  part  of  Lincoln  County  and  the  northern  part  of 
Union  Coonty,  South  Dakota,  the  inner  edge  of  the  loess  is  very  dif- 
ferent from  the  points  already  described.  Along  the  lower  course  of 
Bmle  Creek  east  of  Vermilion  Gap  the  loess  occupies  the  hills  on  the 
east  side,  but  as  the  moraine  begins  to  appear  on  the  western  side  it  also 
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appears  on  the  west  side  of  the  creek  and  is  spread  ont  in  shallow 
beds  in  an  irregular  maauer  apon  its  onter  slope.  Where  the  moraine 
consists  of  a  fev  small  hills  about  9  miles  east  of  Spirit  Moand  aod 
jnst  west  of  Brule  Greek  the  inner  range,  rising  7S  feet  above  the  plain 
vest,  is  very  bowldery.  Thesecondrange^abontht^f  a  mile  east,  which 
rises  30  feet  higher,  has  every  appearance  of  being  covered  all  over  its 
summit  with  loess.  So  erratics  were  found,  and  badger  holes  showed 
only  loess  with  calcareous  concretions. 

Southwest  of  Beresford,  in  the  shallow  cuts  along  the  railroad,  another 
oppottonity  was  afiForded  to  study  this  point.     In  the  first  cnta  nothing 
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but  pebbly  clay  or  disintegrated  yellow  till  was  seen  below  the  soli,  but 
about  30  feet  below  and  about  a  mile  distant  from  that  town,  which  is 
upon  the  summit  of  the  moraine,  the  loess  begins  to  appear.  In  the 
first  case  it  was  in  a  portion  of  the  cut  covered  with  several  feet  of  peb- 
bly loam,  which  may  be  explained  as  a  wash  from  the  hillside  west.  A 
little  &rther  east  and  10  feet  lower  it  showed  its  typical  charact^o;,  and 
began  to  cover  the  hills  gradually  toward  the  east.    In  Lyon  County, 
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Iowa,  and  Bock  County,  Minnesota,  the    drainage,  as  in  northern 
Nebraska,  is  generally  southward  from  the  inner  edge  of  the  loess. 

Abotit  Sioux  Falls  the  loess  occupies  the  hills  in  the  bend  of  the  Big 
Sioux.  TTndemeath  it  lies  darker  clay,  perhaps  an  old  soil,  below  which 
are  beds  of  pebble  clay.  When  the  loess  was  deposited  the  falls  could 
not  have  been  iu  existence.  Some  of  the  characteristic  features  may 
be  seen  from  the  sections  shown  in  figs.  25  and  26.     It  is  found  risiag 
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aboat  75  feet  above  the  Milwaakee  station,  or  to  an  altitude  of  1,465  feet 
above  the  aea,  a&d  is  here  again  close  to  the  exterior  of  the  moraine 
This,  thoagh  arrived  at  quite  independently,  corresponda  well  with  its 
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altitude  east  of  Bereaford  and  at  Warren,  Iowa,  and  with  the  reports 
of  Prof.  X,  H.  Wiuchell  respecting  sontheastem  Minnesota. 

COTBAU  DBS  PRAIRIBS  RBOION. 

This  region  in  some  sense  may  be  called  the  connterpart  of  the  Bed 
Lake  region.  It  lies  nearly  in  the  same  latitade,  occupies  an  external 
angle  of  the  m'oraine,  and  its  features  suggest  lacustrine  origin. 

Boioidariet  of  the  Ootean  region. — The  liue  of  separation  between  this 
and  the  moraine  on  the  west  may  be  located  as  follows:  From  the 
vidnity  of  Brookings  southwest  to  Madison,  thence  southeast  to  Hart- 
ford and  the  month  of  Skunk  Greek,  thenee  northeast  along  the  north 
bend  of  the  Big  Sioax  and  east  to  Lnveme,  thence  north  to  Pipestone, 
thence  north  and  northwest  to  the  vicinity  of  Brookings.  The  north- 
west boundary  corresponds  well  with  the  northeast  course  of  Battle 
Creek,  the  southwest  boundary,  in  general,  with  the  west  side  of  Skunk 
Creek  Valley,  the  eastern  boundary  with  more  prominent  outcrops  of 
the  Sioux  quartzite. 

Surface  of  the  Coteau  region. — The  surface  may  be  described  in  gen- 
eral as  a  plain  lying  between  the  east  side  of  the  Dakota  loop  and  the 
west  side  of  the  Minnesota  loop  of  the  outer  moraine.  This  plain 
slopes  toward  the  south  at  the  rate  of  1  or  5  feet  per  mile.  Where 
crossed  by  the  railroad  between  Pipestone  and  Madison  its  altitude  is 
very  uniformly  1,690  feet  above  the  sea.  Where  it  is  crossed  in  its 
southern  portion  the  altitude  is  from  1,460  feet  north  of  Valley  Springs 
on  its  eastern  side  to  1,575  feet  on  ite  western  side  near  Hartford.  The 
general  elevation  there  can  not  be  so  accurately  given  because  the  plain 
has  been  very  much  eroded.  As  wiU  be  seen  firom  the  map,  its  south- 
ern portion  is  much  traversed  by  streams,  which  have  by  their  numer- 
ous branches  quite  destroyed  the  surface  of  the  original  plain,  especially 
toward  the  southeast.    On  the  other  hand,  the  northern  portion  of  the 
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plain,  aside  from  the  larger  valleys  and  ancient  ehannelB,  lately  shows 
variation  of  surface  of  more  than  10  or  16  feet.  Ponds  EUid  shallow 
basins  are  found  upon  this  plain  in  the  vicinity  of  the  moraiDe.  More 
especially  is  this  trae  west  of  Sknnk  Greek  and  northeast  of  Maduou. 
On  the  margin  of  the  plain  northwest  of  Pipestone,  as  it  approaches 
tbe  moraine,  a  few  broad  swells  appear.  Along  the  Split  Bock  are 
bowldery  knolls,  which  rise  above  ( t)  tbe  general  surface  ftotn  25  to  50 
feet.  The  surface  of  tbe  plain,  wbere  most  even,  is  covered  with  a  thin 
deposit  of  silt  indistinguishable  from  loess.  This  was  distinctly 
observed  southeast  of  Flandreau.  It  can  scarcely  foe  said  to  be  general, 
however. 

Northwest  of  Flandreau  and  Egan,  lying  in  the  great  bend  of  the 
Big  Sioox,  is  a  plain  lower  and  more  even  in  surface  than  the  one 
already  described.  It  was  traversed  from  the  vicinity  of  Medaiy  to 
Egan.  Its  western  boundary  has  not  been  definitely  determined,  but 
mast  lie  several  miles  west  of  that  course.  When  this  region  was 
examined  the  atmosphere  was  so  smoky  as  to  prevent  a  determination 
of  this  point.  It  is  possible  that  no  distinct  edge  will  lie  found,  and 
that  the  plain  gradnally  rises  to  the  level  of  the  one  farther  west — t  e., 
tbe  general  surface  of  tbe  region.  Tbe  surface  of  this  lower  plain  is 
covered  with  uilt,  shows  very  few  bowlders,  and  only  a  few  qait«  shal- 
low basins.  Shallow  sags  also  lead  off  into  the  short  ravines  rnQning 
iato  tbe  Big  Sioux.  The  general  sur&ce  is  very  even,  and  does  not 
show  elevations  more  than  about  6  feet  in  height.  Along  the  valley  of 
the  Sioux  southward  the  hills  are  much  lower  than  farther  back,  aod 
probably  may,  many  of  them,  be  found  to  correspond  in  atructure  as  well 
as  altitude  to  this  lower  plain.  In  a  trip  southwest  from  Dell  Bapids  the 
highest  hills  east  of  Skunk  Greek  are  1,690  feet  in  elevation,  while  west 
of  Skunk  Creek  the  general  snrface  of  the  country  rises  abruptly  to 
the  higher  plain  at  1,676  feet  above  the  sea. 

Foifeya  of  the  Coteau  region. — The  valleys  may  be  divided  into  those 
which  are  now  occupied  by  streams,  which  we  may  call  recent  valleys, 
and  those  which  are  not  so  occupied,  which  may  be  characterized  as 
ancient  channels.  They  are  so  related  to  one  another,  however,  that 
we  shall  treat  them  together.  The  principal  streams  of  the  region  are, 
first,  the  Big  Sioux,  then  its  three  principal  tributaries,  Battle,  Skunk, 
and  Split  Bock  creeks,  and  two  smaller  though  scarcely  less  important 
ones — Flandrean  Greek,  which  lies  in  an  old  outlet  channel,  connected 
with  Lake  Benton  in  the  Minnesota  moraine,  and  Deer  Greek,  leading 
from  another  outlet  in  the  same  moraine.  Both  have  large  valleys, 
broad,  fiat  bottomed,  and  with  abrupt  sides. 

Battle  Creek  rises  inside  of  tbe  moraine,  in  Badns  Lake,  and  first 
flows  southeast  tbroagh  a  broad  valley,  but  after  passing  through  tiie 
moraine  turns  sharply  to  the  northeast.  Its  valley  outside  of  tbe 
moraine  is  broad  and  marshy,  and,  especially  its  eastern  bank,  is  qnite 
low,  about  40  feet  below  the  plain  north  at  the  bend.    Its  lower  coarse 
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ia  oooapied  by  open  lakes.  Leadiog  soatheast  from  near  the  bend  ia 
Battle  Greek,  and  in  line  frith  its  upper  coarse,  is  a  remarkable  ancient 
channel,  croBsing  the  railroad  a  little  vest  of  Coleman.  N'orth  of 
Wentworth  it  is  occnpied  b;  a  shallow  lake  3  or  4  miles  in  length, 
which  we  will  call  Lake  Wentworth.  Farther  east  it  becomes  marshy, 
and  the  lower  portion  of  this  channel  is  occupied  by  a  small  branch  of 
the  Big  Bionx.  This  channel,  from  its  position,  seems  likely  to  have 
been  once  occupied  by  tbe  stream  which  flowed  throagh  the  gap  in  the 
moraine  to  the  northwest  and  which  later,  turning  northeast,  began  the 
valley  of  Battle  Greek,  Herman,  Madison,  Brant,  and  Skunk  Creek 
lakes  occupy  a  very  remarkable  v^ey.  The  flrst  of  these  lakes  lies  sur- 
rounded by  the  morune.  There  are  numerous  channels  from  the  slopes 
of  the  moraine  leading  into  it,  some  ftom  the  south,  but  the  more 
important,  which  are  now  occnpied  by  copious  streams,  from  the  west 
fmd  north,  The  lake  is  a  beautifiil  sheet  of  water,  of  somewhat  crescent 
shape,  and  surrounded  with  quite  abrupt  hills.  The  peninsula  f^om  its 
eastern  end  is  covered  with  trees.  Leading  east  from  this  lake  ia  a 
system  of  channels,  of  which  there  are  two  principal  ones.  One  leads 
east  and  sontbeast  from  the  north  portion  of  Lake  Herman  to  Lake 
Madison,  thence  southeast  along  the  coarse  of  that  lake  and  Brant 
Lake,  gradually  running  out  beyond.  In  this  valley  flows  the  stream 
which  counects  Lakes  Herman  and  Madison.  The  other  valley,  begin- 
ning with  the  southern  point,  is  not  so  deep  and  continuous  at  first, 
but  is  occupied  by  several  smaller  lakes  and  ponds,  which  lead  to  a 
distinct  channel  within  a  couple  of  miles.  It  extends  approximately 
parallel  with  the  first  channel,  with  which  it  connects  now  and  then  by 
cross  channels.  The  series  of  marshes  along  the  southwest  side  of  Lake 
Madison  lies  in  this  channel,  and  south  of  Brant  Lake  it  becomes  the 
principal  channel  of  the  two  and  conveys  the  waters  which  flow  from 
Lake  Madison  uid  Brant  Lake,  and  which  form  Sknnk  Greek.  The 
resemblance  of  Lake  Madison  to  a  mighty  river  is  very  striking.  Its 
winding  coarse  and  its  alternation  of  abrupt  banks  and  low  bottoms 
with  trees  deepen  the  impression.  In  1881  it  first,  to  the  knowledge  of 
white  men,  began  to  flow  out  by  a  cross  channel  into  Skunk  Greek. 
The  hills  between  these  twin  channels  rise  in  some  cases  to  more  than 
100  feet,  and  have  their  full  share  of  bowlders. 

It  is  interesting  to  compare  this  channel  with  the  Lake  Wentworth 
channel.  Both  of  them  have  a  soatheast  direction,  both  are  excavated 
in  the  higher  plain  of  the  region,  and  both  seem  to  have  had  their 
lower  courses  changed  at  a  subsequent  stage.  While  the  stream  occu- 
pying the  Lake  Wentworth  channel  turned  northeast,  the  one  occupy- 
ing Madison  Lake  channel  tarns  southward.  On  the  other  band,  they 
diflisr  in  that  the  lake  portion  of  Madison  Lake  channel  was  still  oeou- 
pied  while  that  of  Battle  Creek  channel  was  vacated.  Hence  we  find 
that  the  Lake  Wentworth  channel  is  excavated  only  to  the  depth  of  40 
feet  below  the  plain,  while  that  of  Lake  Madison  is  100  f^t^^KiJow^the 
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plain.  It  Bhonld  be  noticed  also  that  the  Madison  Lake  channel  is 
mainly  external  to  the  moraine,  while  the  other  passes  throagh  the 
moraine.  We  may  notice  also  a  correspondence  between  these  tvo 
streams  and  the  two  principal  branches  of  Smith  Greek,  in  the  Bed 
Lake  region. 

The  lower  course  of  Skunk  Greek  lies  in  a  broad,  flat-bottomed  val- 
ley with  abrupt  sides,  and  with  its  western  bank,  where  it  has  been 
examined,  nearly  100  feet  higher  than  its  eastern.  Furthermore,  the 
western  edge  of  its  valley  is  covered  with  bowldery  knolls,  suggesting 
a  morainic  origin;  but  more  probably  they  are  of  the  same  formation 
as  the  bowldery  oaar-Iike  ridges  to  be  described  in  a  fiiture  section. 

Split  Bock  rises  in  Pipestone  Gonnty,  Minnesota,  and  flows  sooth  and 
southwest  to  the  Big  Sionz  below  the  great  bend.  The  most  impor- 
tant tributary,  which  is  in  some  sense  the  principal  stream,  is  Pipestone 
Greek,  which,  rising  near  the  same  point,  joins  the  Split  Bock  on  the 
Minnesota  line  6  miles  sonth  of  the  northeast  comer  of  Minnehaha 
Goonty.  Its  valley  has  been  so  affected  by  the  red  qaartsite  that  it 
has  been  frequently  wrongly  mapped.  In  Palisade  Township  it  passes 
throagh  a  narrow  gorge  about  i  miles  in  length.  This  is  walled  below 
on  either  side  with  perpendicular  walls  of  qnartzite.  These  rise  about 
60  feet  above  the  water,  and  the  gorge  in  its  narrowest  place  is  about 
the  same  in  breadth.  The  confining  of  the  stream  by  this  rock  has 
prevented  the  widening  of  its  valley,  as  is  frequent  in  other  streams 
of  the  region.  It  is  not  probable  that  this  gorge  is  mainly  the  work  of 
the  Split  Bock,  beoanse  its  rocky  sides  are  not  continuous.  They  recede 
at  many  points  some  distance  from  the  stream,  and  become  buried  by 
the  drift.  In  such  localities  they  are,  nevertheless,  cut  into  chimneys 
and  oliSis,  as  though  they  were  formed  by  some  agency  long  before  thq 
later  deposit,  possibly  by  ages  of  weathering,  perhaps  by  the  action  of 
the  sea  itself.  Just  below  Palisade  another  tributary  comes  in  from  the 
north  which  has  a  wider  valley,  and  on  this  account  has  had  the  credit 
of  being  the  main  stream,  ^e  exposure  at  Palisade  has  been  well 
described  by  Mr.  Warren  Upham  in  the  thirteenth  annual  report  of 
the  Minnesota  survey.  Considerable  valuable  information  has  also 
been  given  concerning  this  locality  in  the  Fifth  Annual  Beport  of  the 
United  States  Geological  Survey,  page  201.  The  plate  &cing  that 
page,  however,  gives  an  exaggerated  idea  of  the  breadth  of  the  gorge. 
As  the  treatment  of  the  older  rocks  is  foreign  to  this  paper,  the  reader 
is  respectfiiliy  referred  to  those  works  for  further  information. 

About  the  center  of  Brandon  Township  is  an  exposure  of  diorite  for 
some  rods  along  the  west  bank  of  the  Split  Bock.'  It  is  much  decom- 
posed and  is  presumably  an  intrusife  formation.  In  sec.  23  the  red 
qnartzite  is  again  exposed  near  the  surface  of  the  stream,  with  several 
feet  of  chalkstone  (Niobrara)  directly  above  it.    The  junction  between 

■Tbia  U  ths  rock  obicli,  liiiM  aiy  tiamlDBtioD  ot  It,  h»  been  roparMd  bj  Pnif.  W.  U.  Hobtn  to  ba 
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the  two,  hovever,  is  not  exposed.  The  Dumeroas  atriffi  foaud  opon  the 
rocks  in  the  localities  mentioiied,  and  others  farther  east,  will  be  consid- 
ered  in  detail  in  another  section. 

The  Big  Sioux  .enters  the  region  nnder  consideration  near  Brookings, 
in  a  valley  trom  three-fourths  to  IJ  miles  Id  width.  Abore  the 
month  of  Battle  Creek  ite  valley  ia  quite  wide  and  abont  140  feet 
below  the  high  plain  west,  which  la  a  narrow  extenaionof  that  ocCQpy- 
ing  most  of  the  region.  From  that  point  to  Egan  it  is  bounded  by  the 
lower  plain,  which  at  the  latter  point  is  about  100  feet  above  the  stream. 
This  plain  seems  not  to  slope  so  rapidly  as  the  stream,  for  at  its  upper 
end,  near  Madary,  it  is  not  more  than  80  feet  above  the  stream.  Tlie 
valley  of  the  Big  Sionx  as  a  whole  fails  to  present  the  abrnpt  sides  and 
sharp  edges  which  commonly  characterize  the  other  valleys  of  the 
region.  A  reason  for  this  feature  may  be  found  in  the  check  to  its 
erosion  byits  crossing  two  important  ledges  of  qnartzite.  Oneof  these 
is  at  Dell  Bapids,  At  Sioux  Falls  the  course  of  the  stream  has  l>een 
such  that  it  has  failed  to  excavate  so  deeply;  probably  the  rock  has 
not  been  so  much  exposed  to  erosion,  for  its  surface  is  more  than  100 
feet  lower  than  at  Dell  Bapids,  and  tiie  force  of  the  stream  has  been 
expended  over  a  much  wider  snrfoce. 

The  Delia  at  Dell  Eapida. — There  are  three  gorges  at  Dell  Bapids; 
one  is  known  as  the  Wet  Dell,  one  as  the  Dry  Dell,  and  the  third  is 
the  present  course  of  the  Big  Sionx.  The  course  of  the  stream  at  the 
rapids  is  nearly  dae  west.  The  Wet  Dell  leaves  the  present  channel 
south  of  the  town  and  takes  a  south-southwest  direction  for  abont  2} 
miles,  where  it  strikes  the  present  channel  again.  It  is  filled  with 
water  through  most  of  its  course  and  might  easily  he  taken  for  a  stream 
that  has  been  dammed.  Wheu  the  Big  Sioux  is  flooded  the  water  flows 
through  this  channel.  The  Dry  DeU  leaves  the  present  chaunel  near 
where  it  turns  sonth  and  continues  its  coarse  westward.  It  ia  of  less 
width  than  the  Wet  Dell,  but  is  filled  with  earth  to  within  12  feet  of 
the  top  of  the  rock.  Its  western  end  is  hidden  under  the  hills  forming 
the  west  side  of  the  valley.  The  present  channel  has  excavated  the 
rock  to  less  depth  than  the  Wet  Dell.  There  are  two  or  three  pillar- 
like rocks  standing  in  the  center  of  the  stream  to  a  height  equal  to  the 
ledge  at  the  side.  One  of  these  haa  been  utilized  as  a  pier  for  the  rail- 
road bridge.  Below  the  Dells  the  hills  along  the  Big  Sioux  Valley  are 
rarely  over  80  feet  above  the  stream.  The  surface  of  the  qnartzite 
above  DeU  Bapids  is  compact  and  even-topped,  but  shows  few  striee. 
East  of  the  Wet  Dell  a  few  were  found  bearing  S.  25°  E.  to  S.  40°  E. 
The  red  qnartzite  appears  again  abont  4  mUes  west  of  Dell  Bapids, 
where  it  ia  100  feet  higher  than  at  Dell  Bapids. 

Below  Deli  Bapids  the  Big  Sionx  continues  the  general  features  of 
the  valley  above  and  keeps  a  straight  southerly  course  to  the  southern 
point  of  the  Great  Bend  at  Sioux  Falls,  where  it  turns  sharply,  first 
northeast,  and  then  northwest  and  uorth,  filling  over  the  ledge  of  ' 
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qnartzite  (a  height  of  abont  80  leet),  and  then  contioniDg  in  a  norUi- 
easterly  coarse  to  thevicinityof  Brandon,  There  it  turns  sharply  to  the 
south  again,  which  course  it  keeps  for  some  distance.  The  distanoe 
&om  its  sharp  south  bend  to  its  sharp  north  bend  is  10  miles,  directly 
northeast.  The  fall  of  the  river  throagh  this  region  may  be  learned  from 
the  following  elevations,  derived  finm  railioad  levels.  In  each  case  the 
level  of  tbe  water  is  given. 

ElmaUonM  aJo*g  Ike  Big  Sioux,  tkotoing  grade  of  ricor. 

Feet. 

E«t«f  Volga 1,586 

NearEgan 1,510 

Atr>eUE»pids 1,476 

WestofSioniFallB 1,403 

At  the  Chicitgo,  St.  Paul,  HiimeapoIiB  and  Omaha  Railwftf  Boat  of  SlonxFalla-  1,381 

At  the  Chicago,  HUwsnkee  and  St.  Paul  Railwa; 1,369 

West  of  Bcandoo 1,281 

Ewit  of  Canton 1,217 

Biveraide  near  month 1,079 

QrwA  Send  of  the  Big  Sioux, — The  bend  of  the  Big  Sioaz  at  Sioox 
Falls  is  remarkable  in  two  or  three  particolars.  In  its  present  course 
it  dowB  Bontb  to  the  north  edge  of  the  qnartzite  ledge,  it  wonld  seem 
for  the  express  porpose  of  forming  a  durable  series  of  rapids  for  water 
power.  The  Stonz  qnartzite  is  exposed  west  of  the  city  near  the  level 
of  the  stream,  and  east  of  the  town  over  nearly  the  whole  surface  of  the 
falls,  which  are  more  than  half  a  mile  in  length.  Tbe  neck  separating 
the  bottom  land  north  of  tbe  town  from  the  gorge  oortbeost  is  consid- 
erably lower  than  tbe  hills  in  the  bend  farther  south,  and  is  less  than 
20  feet  above  the  bottom  land  on  the  northwest.  Its  form  and  stmctnre 
indicate  that  at  one  time  the  stream  flowed  across  the  neck.  Why  then 
did  it  not  continue  to  do  so  and  cut  down  through  the  till  whioh  probably 
forms  the  most  of  itt  If  it  had  done  so  it  is  probable  that  there  would 
have  been  no  falls;  at  least  not  until  the  river  had  cat  back  to  the 
rock  at  Dell  Bapids.  (It  may  be  that  the  qnartzite  occurs  sooth  of  that 
place,  but  sach  is  not  known  to  be  the  fact.)  The  answer  is  believed 
to  be  probably  the  following;  We  have  seen  that  there  was  much 
drainage  from  the  ice  sheet  northward  south  of  Sioux  Falls,  and  when 
the  ice  occupied  the  outer  moraine  Skunk  Greek  was  the  channel  by 
which  all  the  Glacial  streams  from  the  vicinity  of  Volga  to  Sioux  Falls 
fonnd  escape.  Even  supposing  that  the  Big  Sioax  at  that  time  took 
the  shorter  course,  it  is  easy  to  see  that  tbe  western  side  of  the  channel 
would  be  cut  down  most  rapidly,  and  in  this  way  tbe  main  channel 
would  be  drawn  westward  and  southward  until  forced  northward  by 
the  contact  with  tbe  moraine  and  strong  currents  pouring  over  the 
lower  portion  of  the  moraiiie  at  that  point.  It  may  be  stated  here  that 
while  we  have  given,  as  we  suppose,  the  immediate  cause  of  tbe  bend, 
the  primary  canse  is  to  be  found  in  tbe  advance  of  the  ice  across  the 
pre-Olacial  course  of  the  Big  Sioux,    Xo  developments  have  been  <nade 
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to  corroborate  the  snppoBition,  bat  it  seeniB  not  improbable  that  the  pre- 
Glacial  coarse  of  tfae  Big  Siooz  may  have  been  Boathward  into  the  Yer- 
milioQ,  and  that  in  the  advance  of  the  ice  toward  the  east  there  may 
Ikave  been  a  damming  of  the  streams  coming  from  the  north,  and  the 
formation  of  a  glacial  lake  over  this  regioa  somewhat  as  was  conceived 
to  have  been  formed  in  tfae  Bed  Lake  region  j  with  this  difference,  how- 
ever, that  while  in  the  lattor  case  it  was  of  temporary  duration,  in  this 
case  the  lacastrine  epoch  continned  ontil  the  basin  had  become  com- 
pletely filled  with  drift  material. 

Baufldery  knolU  in  the  Coteau  region. — In  speaking  of  the  moraine, 
reference  has  already  been  made  to  systems  of  osac-like  ridgea  foand 
on  its  oater  slope.  These  extend  oat  apon  the  extramorainic  plain, 
and  we  will  here  give  the  more  detailed  description  which  has  been 
promised.  The  system  in  this  region  which  has  been  most  closely 
observed  is  the  one  5  to  6  miles  northeast  of  Montrose.  Its  more  prom- 
inent features  are  illoatrated  in  Pis.  IX  and  X. 

The  bowldery  knolls  are  from  15  to  35  feet  in  height,  and  are  arranged 
for  the  most  part  in  a  rude  linear  system  lying  in  the  bottom  of  a  shal- 
low valley  which  leads  from  a  col  or  sag  iu  the  moraine  eastward  and 
soatheastward  to  a  branch  of  Skank  Greek.  The  head  of  the  system, 
which  begins  quite  gradoally,  lies  along  the  north  side  of  a  channel-like 
lake  half  a  mile  long  aud  perhaps  a  quarter  as  broad.  This  lake  cats 
the  crest  of  the  moraine  transversely.  As  in  the  case  of  similar  knolls 
near  Grow  Lake,  the  surrounding  slopes  are  comparatively  free  from 
bowlders.  Like  that  system,  also,  this  one  receives  a  branch  which  lies 
in  a  valley  joining  it  from  the  northwest  The  recency  of  the  topography 
is  attested  by  the  occurrence  of  basins  beside  the  knolls,  which  are  yet 
ondrained.  The  lake  is  about  40  feet  below  the  highest  adjacent  point 
on  the  crest  of  the  moraine,  about  240  feet  above  the  East  Vermilion  at 
Montrose,  and  170  feet  above  the  plain  farther  west.  This  system,  like 
the  systems  in  the  Bed  Lake  region  already  referred  to,  lies  above  the 
level  of  tfae  loess. 

The  interior  of  the  knolls  was  nowhere  exposed,  hence  we  can  say 
nothing  of  their  sti-actare  from  direct  examination ;  but  from  their  gen- 
eral appearance  as  compared  with  some  which  were  excavated  northwest 
of  Waterbury,  South  Dakota,  we  should  expect  to  find  them  largely 
composed  of  stratified  material. 

Along  the  western  edge  of  Sknnk  Greek  Valley,  also,  there  are 
bowldery  knolls  which  rise  to  the  height  of  20  or  25  feet  above  the 
ponds  just  west  of  them,  Thongh  these  have  not  been  connected  with 
gaps  in  the  moraine,  their  proximity  to  an  important  stream  and  thdr 
separation  from  the  morainic  hills  ^ther  west  by  a  plain  3  or  4  miles 
in  width,  as  well  as  their  lower  elevation,  may  be  taken  as  evidence 
that  they  belong  to  the  same  class  of  deposits  as  those  already  men- 
tioned. 

Along  the  Split  Book  are  foand  systems  of  knoUs  which  appear  to 
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be  of  a  rather  aovel  character.  They  are  of  rounded  form  and  are 
foond  in  clusters  rather  than  in  ranges.  The  most  important  olnster 
that  has  been  observed  is  about  6  miles  soathwest  of  Pipestone.  They 
rise  to  the  height  of  from  25  to  40  feet  above  the  general  level  and  nearly 
200  feet  above  the  Split  Bock  aontheast.  They  are  arranged  aroand 
the  head  of  a  valley  leading  into  that  stream.  The  slope  of  the  soatb- 
east  side  of  the  valley,  rising  120  feet,  is  wholly  occapied  with  the  red 
quartzite.  There  are  about  fifteen  knolls  in  this  cluster,  and  it  occu- 
pies most  of  the  surface  of  two  sections.  A  few  others  are  found  along 
the  east  side  of  the  Split  Bock  below  the  junction  with  Pipestone 
Greek,  but  they  are  found  only  in  clusters  of  two  or  three.  From  their 
form  and  altitude  they  stand  out  couspicuonaly,  although  they  do  not 
attain  the  height  of  the  first  cluster,  not  rising  generally  more  than  150 
feet  above  the  stream.  These,  which  aie  near  Garretson ,  South  Dakota, 
have  been  referred  to  on  a  previous  page.  All  of  these  knollB  present 
the  same  featnres.-  Their  sammits  are  covered  with  pebbles  and  a  few 
small  bowlders.  Two  exposures  were  examined  which  had  been  made 
by  the  opening  of  the  summits  of  these  hills  for  gravel  and  sand. 
Their  interior  structure,  where  examined,  was  found  to  consist  of 
irregular  layers  of  pebbly  clay  and  stratified  gravel  and  sand  to  a 
depth  of  5  orT  feet.  Below  that  for  5  or  6  feet  farther  pure  sand  was 
found.  Whether  the  sand  comprises  the  balk  of  the  hill  has  not  been 
learned.  Their  form  and  position  suggest  the  idea  that  these  hills 
were  pHmarily  dunes  which  have  been  thinly  veneered  with  dnft  and 
somewhat  shaped  by  aqueous  and  glacio-natant  action.  This  is  not 
easily  reconcilable  with  the  supposition  that  this  locality  has  been 
swept  very  lately,  if  at  all,  by  an  ice  sheet. 

Hummocka  in  the  Coteau  region. — At  varioos  points  the  red  quartzite 
ledges  present  the  peculiar  phenomena  which  may  most  aptly  be 
described  by  this  term.  The  npper  layer  of  the  rock  becomes  bulged, 
and  is  heaved  up  in  a  domed  or  conical  form  to  the  height  of  5  or  6  feet 
These  have  Iseen  described  by  Prof.  y.  H,  Winchell  in  his  report  on 
Bock  County,  Minnesota.  The  surface  of  the  hummock  is  covered  by 
these  blocks  in  their  natural  order,  bat  with  the  joints  between  them 
broadening  more  and  more  toward  the  center  of  Uie  hummock.  That 
they  are  of  recent  origin  is  indicated  by  the  occurrence  of  strite  around 
them,  as  if  they  were  not  in  existence  when  the  striation  was  in  prog- 
ress. Professor  Winchell's  suggestion  that  they  may  have  been  caused 
by  ice — i.  e.,  alternate  freezing  and  thawingwith  the  change  of  seasons, 
aided  by  the  force  of  vegetation  and  a  little  soil  gradually  getting  into 
the  openings — seems  quite  plausible.  They  are  apt  to  occur  at  equi- 
distant intervals. 

StricB  in  the  Ooteau  region. — The  red  quartzite,  which  is  frequently 
exposed  in  this  region,  abounds  in  strife.  They  present  several  novel 
featnres.  The  strise  are  distinctly  shown,  rarely  more  than  2  feet  in 
length  and  not  often  more  than  one-eighth  inch  in  depth.    They  are 
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commonly  quite  minnte.  They  are  freqaeatly  attended  with  cresceutic 
cracks,  whose  ends  incline  toward  the  direction  of  movement.  These 
are  arranged  parallel  with  one  another  at  approximately  equal  distances. 
Systems  of  these  are  found  with  breadths  of  from  one-half  inch  to  18 
inches,  and  may  sometimes  be  3  feet  in  length.  The  larger  ones  reveal 
more  of  a  parabolic  than  circular  form.  In  the  larger  systems  the 
longer  cracks  are  intercalated  with  the  shorter  ones,  suggesting  the 
coexistence  of  two  systems  of  vibration.  The  general  appearance  of 
such  a  system  is  fairly  represented  in  fig.  27  (1),  which  was  carethlly 
drawn  fh>m  nature.  Not 
infrequently  the  stride 
with  which tbesecrescents 
are  connected  have  been 
worn  away,  aud  the  cres- 
centio  cracks  are  the  only 
record  remaining  of  the 
original  marking.  The 
depth  to  which  the  cracks 
extend  varies  trom  the 
merest  trifle  to  at  least  an 
inch,  and  it  is  not  improb- 
able that  further  examina- 
tion may  increase  this  flg- 
oxe, 

The  inclination  of  these 
cracks  to  the  surface,  near 
the  axis  of  the  system,  is 
forward,  bnt  gradntJly 
turns  backward  as  the  dis- 
tance from  the  axis  in- 
creases, until  It  may  in- 
cline quite  strongly  back- 
ward. 

Besides  these  cracks, 
which  are  clearly  refera- 
ble to  ice  action,  there  are 
others  resembling  them  somewhat,  in  which  the  cresceutic  marking 
turns  in  the  opposite  direction.  These  are  also  apt  to  show  an  equidis- 
tant arrangement,  bnt  are  never  as  near  together  nor  as  regular  in  their 
shape  and  position  as  those  already  described.  They  may  be  ascribed, 
with  considerable  confidence,  to  the  ripple  marks  preserved  in  the  strati- 
fication of  the  ro<^8.  Fig.  27  (2)  shows  a  case  where  both  these  kinds 
of  markings  occnr. 

A  careftil  study  of  the  striEe  of  this  region  shows  more  variation  in 
direction  than  has  been  commonly  ascribed  to  glacial  action.  This  will 
appear  firom  the  table  of  strife  given  below,    TSot  infrequently  three  or 
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four  STStems  of  stris,  of  widely  varying  direotion,  occnr  upon  the 
smooth  surface  of  the  rock  with  eqnal  distiDctaeas.  Some  of  the  nov- 
elties which  have  been  observed  are  shown  in  &g.  27.  Curved  strlse  not 
iafroqaently  appear. 

stria  found  In  the  Coteau  dn  PrairitM  region. 
[CorrsatiDiia  are  mads  for  maginUo  TiriMJon.] 


Looallty. 

DlrsotloB. 

Pipestone,  Minneeota: 

ja3(F-26°-28"-tO°W. 
-S.  14°  E. 
S.  lo-19°-24''-27°-38°-37"  W. 

.8. 0^-2° -3° E. 

Near  Pip«Btone  Falls 

Pipestone  Cit; 

8. 220-23^-25'>-28°-32°-370-^8o  W. 
.8. 340-i20-38°-*5°  E. 

Three  miles  southwest  of  Pipestone . . . 

S.3^-.T=-I30E. 

Abont  8  miles  88W.  of  Pipestone 

8.22°  W. 

Four  miles  north  of  Palisade 

8. 14°-18o  E. 

Palisade: 

At  the  southeast  edge  of  exposure. 

S.  33°-38o  E. 

One  mile  east 

8.23°  E. 

S. 13°-18°-280-480-630-68°-63°  E. 

One  and  one-half  miles  sonth  of  Pal- 

isade. 

Two  miles  north  of  Valley  Springs .... 

S.8P-6&°-f3°-^3f^  E. 

Northwest  corner  of  Iowa 

8.  ao-Do-ij'-iGo-iso-iso-aso-aoa- 

38°-53°  E. 

Opposite  month  of  Split  Rook : 

Inside  of  the  moraine 

S.  13"  E. 
8. 13°  B. 

One  ndle  outside  of  the  mor^ne  . . 

Sioni  Falls: 

Near  Milwaukee  station 

S.  13°  ouTYing  to  8^  E. 

East  of  Cascade  mills  (recentl.... 

N.28°-*5°W. 

S.  43°-53°  E. 

East  of  C,  St.  P.,  M.  &  0.  station  . 

E.  [mag.]  =8.88°  E. 

Dell  Rapids,  east  of  Wet  Dell 

8. 13°-23°-28°  E. 

Fonr  mUoB  west  of  DeU  Rapids 

S.20W. 
,3.3°-l3°-18°E. 

b,  Google 


CHAPTER    IV. 

THE  DRIFT  REGION  INSIDE  OF  THE  OUTER  MORAINE. 

This  is  natTtrally  divided  into  tbree  principal  parts:  The  second 
moraine,  the  region  between  the  moraines,  the  portion  inside  of  the 
second  moraine. 

SECOND  OR  GARY  MORAINE. 

Several  oircamstances  combine  to  make  the  second  moraine  less 
prominent  iu  height,  in  breadth,  and  in  complexity: 

(1)  It  was  formed  upon  a  nearly  level  plain  left  by  the  great  ice 
sheet.  There  were  therefore  no  very  prominent  features  to  distort  or 
elevate  the  moraine,  as  was  the  case  with  the  outer  moraine. 

(2)  Another  circumstance,  which  was  also  a  result  of  its  formation 
upon  a  plain,  was  its  predominating  tangential  drainage.  As  the  ice 
sheet  retreated  from  the  principal  moraine,  its  edge  iu  genial  with- 
drew to  lower  ground.  Hence  while  occapying  the  second  moraine 
the  waters  tended  to  flow  along  its  edge  to  the  two  principal  streams, 
the  James  and  the  Vermilion.  This  tangential  drainage  tended  to 
erode  the  moraine  in  some  cases  and  to  bury  it  in  others. 

(3)  The  ice  sheet  had  probably  diminished  considerably  in  thickness, 
at  least  toward  its  lower  margin;  therefore  its  pushing  power  and  prob- 
ably its  velocity  had  decreased.  Both  of  these  would  diminish  the 
amount  of  the  material  crowded  into  the  moraine. 

(4)  It  is  not  unlikely  that  the  period  of  formation  of  the  second 
moraine  was  much  shorter  than  that  of  tbe  first. 

Northeast  of  Turtle  Point  6  or  8  miles,  and  occupying  the  narrow 
space  between  Firesteel  and  Sand  creeks,  ia  a  range  of  stony  hills 
presenting  the  usual  features  of  a  moraine.  It  rises  frequently  to  the 
height  of  100  feet  above  the  general  level,  or  130  feet  above  Sand  Creek. 
Gravel  and  sand  are  very  abundant,  also  bowlders  of  limestone  and 
gray  granite.  Its  extent  northwestward  has  not  been  determined,  but 
it  probably  is  to  be  connected  with  stony  knobs  southwest  of  Wessing- 
ton  Station,  From  tbe  before-mentioned  locality  northeast  of  Wes- 
sington  Springs,  the  moraine  extends  in  a  discontinuous  system  of 
irregularly  crescentic  clusters  of  sharp  knobby  hills  which  are  from  20 
to  60  feet  above  the  very  even  plain.  Their  convexity  is  toward  the 
west.  The  inner  edge,  along  which  the  principal  range  lies,  passes  3^ 
miles  vest  of  Woonsocket,  where  it  rises  to  an  elevation  of  75  feet.  It 
is  there  called  the  Pony  Hills,  which  are  sketched  in  flg.  28.  The 
Bull.  158 8  '  — - 113 
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ridge  coDtinnee  4  or  5  miles  farther,  then  disappears.  At  Twin  Lakes 
another  ridge  rises  to  the  height  of  30  feet  and  continues  south  2 
or  3  miles.  Light  bowldery  ridges  jaet  east  of  the  Firesteel  in 
Jeranld  County  shonld  doubtless  be  reckoned  as  poriions  of  the  second 
moraine. 

South  of  Twin  Lakes  the  principal  development,  which,  however,  is 
little  more  than  a  broad  swell  surmounted  with  a  few  bowldery  knoUs, 
passes  5  or  6  miles  west  of  Letcher  in  a  Bonth-southeasterly  direction 
to  the  Firesteel  northeast  of  Mount  Vernon.  South  of  the  Firesteel,  in 
the  northern  portion  of  T.  103,  B.  61,  the  sorface  rises  into  broken 
gravelly  ridges  extending  in  a  southeastern  direction.  Between  them 
ate numerons basins  elongated  in  a  northwest-southeast  direction,  which, 
A*om  their  position  and  connection,  suggest  the  action  of  a  stream  suc- 
cessively shifting  from  one  to  another  toward  the  northeast.  Possibly 
the  Firesteel  formed  tbem  alter  it  entered  the  moraine  and  followed 
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the  retreating  ice.  Three  or  4  miles  west  of  Mitchell  one  of  the  mora 
prominent  valleys  near  the  outside  of  the  moraine  connects  with  Enemy 
Creek.  Four  or  5  miles  south  of  Mitchell  are  two  ranges  of  long 
narrow  hilts,  about  60  feet  in  height,  lying  west-nortbweet,  east-south- 
east; these  are  known  as  Enemy  Creek  Hills  (fig.  29).  A  view  from 
them  shows  less  conspicuous  knolls  in  the  plain  to  the  southwest. 
These  hills  form  one  of  the  most  prominent  portions  of  the  moraine. 
A  peculiarity  of  their  position  is  that  they  lie  on  ground  lower  than 
that  a  little  northeast  of  them.  One  mile  east  of  the  junction  of  the 
Firesteel  and  the  James  is  a  very  conspicuous  hill,  locally  known  as 
Medicine  Hill.  It  rises  about  210  feet  above  the  James  Biver,  and  90 
f^t  above  the  general  level  of  the  lacustrine  plain  surrounding  it  east, 
north,  and  west.  A  range  of  low  hills  extends  south  from  it  and  cnrves 
to  the  sontheost.  It  is  evidently  the  head  of  an  iuterlobular  moraine, 
which  became  uearly  a  glacial  island  during  the  latest  occupation  of 
this  moraiue. 
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West  and  sontheast  of  Bockport  the  banks  of  the  Jame^  show  sev- 
eral stony  knobs.  These  are  especially  namerons  in  the  northern  por- 
tion of  T.  101,  B.  58.  It  voold  seem  that  here,  near  sec.  2,  vaa  the  apex 
of  a  reentrant  angle  of  the  moraine.  Extending  from  near  sec.  33,  2 
miles  east  of  Bockport,  in  an  east-sontheaat  direction,  is  a  long,  shal- 
low, ancient  channel,  now  occupied  by  a  miry  slongh  2  or  3  miles  in 
length.  This  is  at  a  level  of  abont  110  feet  above  tiie  James.  Abont 
one-balf  mile  east  of  the  river  blaffs  at  Bockport  it  makes  a  slight 
bend  from  a  south-sonthwest  direction,  which  is  abont  in  line  with  the 
upper  portion  of  Pierre  Greek,  to  a  sontheast  direction.  This  part  of 
its  coarse  is  among  very  gravelly  knobs,  rising  abont  40  feet  above  it. 
Among  them  along  Its  west  side  is  a  line  of  small  ketde-hole  ponds 
nearly  parallel  with  it.    It  contlnaes  sonth  to  the  ravine  of  a  small 
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creek  which  connects  with  the  James.  This  channel  seems  to  be  a 
trace  of  the  internal  drainage  of  this  angle  of  the  moraine. 

In  or  near  sec.  33,  T.  101,  B.  58,  is  a  clnstor  of  morainio  knobs  which 
give  an  extensive  view  of  the  plain  to  the  east,  althoagh  not  apparently 
ap  to  the  level  of  the  land  west  of  the  James.  Sootheaet  from  this 
point  the  inner  edge  of  the  morune  extends  quite  directly  to  Wolf 
Greek,  2  or  3  miles  above  its  junction  with  the  James.  Along  consid- 
erable of  this  portion  there  is  found  just  within  the  moraine  a  chain  of 
shallow  sloughs  and  ponds,  the  moraine  itself  appearing  somewhat  like 
the  edge  of  a  terrace  rising  40  or  50  feet  above  these  ponds. 

In  or  near  sec  4,  T.  09,  B.  58,  is  a  cluster  of  high  stony  knobs  iotor- 
spersed  with  deep  ponds,  some  of  them  covering  several  acres.  These 
seem  to  connect  in  a  semicircolar  curve  of  low  and  scattered  domes 
with  the  high  knolls  near  see.  33,  before  mentioned.  The  moraine  has 
not  been  definitely  traced  farther  east  of  James  River. 

The  line  described  thus  far  is  clearly  the  inner  limit  of  the  moraine, 
comprising  some  of  tbe  last-formed  ridges.  It  shonld  be  remembered 
that  the  retreat  of  the  ice  sheet  had  from  the  nature ,  ^{,  the  ^oaeo  1m^ 
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more  rapid  on  the  west,  hence  the  ridgee  are  more  scattered.  Other 
koolly  areas  which  ahould  be  correlated  as  earlier-formed  members  of 
this  moraioe  may  be  mentioiied  as  followB: 

Several  miles  of  kaolls  along  the  east  Bide  of  the  Firesteel,  about  10 
miles  vest  of  Woonsochet;  another,  similarly  related  to  the  same 
stream,  12  miles  west  of  Letcher;  a  broad  strip  2  or  3  miles  east  of 
Moant  Yernou,  extending  southeast  to  Enemy  Creek  a  few  mites  west 
of  the  before-mentioned  Enemy  Creek  Hills;  light  ridges  2  to  3  miles 
north  of  Olivet,  trending  east  of  south.  Possibly  the  stony  hills  east 
of  Olivet  and  those  northeast  of  Scotland  are  a  modified  portion  of  this 
moraine,  bat  more  likely  they  are  of  an  osar  natore.  Then,  on  the 
north  and  east  of  James  Uidge  the  moraine  appears  again,  first  feebly, 
bat  rising  qoite  markedly  as  it  tarns  east  across  the  James  in  the 
Boathem  border  of  T.  95,  Bs.  55  and  56,  being  specially  prominent  a 
few  miles  south  of  Walshtown.  Thence  northeast  for  a  few  miles  it 
foiled  to  form,  probably  because  at  that  time  the  main  drainage  was  in 
that  direction  rather  than  in  the  line  of  James  Biver.  Id  the  sonth- 
eastern  part  of  T.  96,  B.  66,  it  gradually  rises  again. 

About  8  miles  southeast  of  Menno  is  the  rather  abrupt  southern  end 
of  a  morainic  ridge,  which  extends  northward  and  circles  round  the 
northwestern  extreoDity  of  Turkey  Bidge,  fix>m  which  it  is  separated 
by  a  broad,  shallow  valley.  In  this  valley  are  the  head  waters  of  Clay 
and  Turkey  Bidge  creeks.  Having  passed  about  halfway  between 
Freeman  and  Ohildstown  the  moraine  takes  a  turn  more  to  tbe  east 
and  crosses  the  West  'Vermilion  halfway  between  Marion  Jonctiou 
and  Parker.  Through  this  portion  of  its  course  it  may  be  described  as 
a  broad,  even-topped  swell,  rising  about  60  feet  neax  Menno,  140  feet 
near  Freeman,  and  75  feet  near  Marion  Junction,  above  tbe  phun  to  the 
northwest.  Its  inner  surface  slopes  rather  abruptly.  Its  outer  slope 
declines  very  gently.  This  latter  character  is  best  developed  sooth- 
west  of  Parker. 

One  of  the  most  conspicaous  points  of  this  moraine  is  found  in  sec. 
2,  T,  99,  B.  64,  close  to  the  valley  of  the  West  Vermilion.  It  rises  about 
160  feet  above  the  stream  and  about  75  feet  above  the  general  level. 
From  this  point  the  moraine  keeps  a  course  about  midway  between  the 
East  and  West  Vermilion  east  of  Canistota  and  northward.  While 
both  inner  and  oater  slopes  are  encroached  upon  and  modified  by  the 
drainage  into  the  Vermilions,  the  summit  shows  nomerous  ponds,  and, 
at  intervals,  low  stony  knobs.  The  gap  through  which  tbe  West  Ver- 
milion passes  is  quite  narrow,  with  abrupt  sides.  Five  miles  west  of 
Montrose  the  moraine  is  a  simple  continuous  low  swell,  a  little  roughened 
on  its  summit.  Shallow  basins  are  more  nnmerons  on  its  outer  slope 
and  summit.  Along  its  outer  foot  they  form  a  connected  chain  in  a 
shallow  sag  runutug  parallel  with  the  moraine.  The  summit  rises  46 
feet  above  the  plain  outside  and  30  feet  above  that  within. 

Similar  featnres  charaotttrize  it  also  east  and  northeast  of  Howard, 
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except  that  rather  conspicaons  knobs  appear  here  and  there,  and  it 
approaches  more  closely  to  the  East  Vermilion,  its  crest  being  a  little 
west  of  Winfred,  A  remarkable  line  of  broad  ponda,  just  east  of  the 
Bammit  of  the  moraine,  extends  for  10  or  15  miles  parallel  with  the  East 
Vermilion  and  2  or  3  miles  west  of  it.  This  corresponds  to  the  smaller 
one  before  noted  west  of  Montrose. 

REGION  BETWEEN  THE  SECOND  AND  PRINCIPAL  MORAINES. 

GBKEBAL  OHAEAOTEEISTICS. 

This  region  differs  from  that  outside  the  moraine  in  several  well- 
marked  particnlars : 

(1).  First  and  most  prominently,  in  the  absence  of  erosive  topography, 
the  streams  traversing  it  being  nsually  limited  to  narrow  channels  with 
abmpt  Bides.  There  ia  little  or  no  trace  of  watersheds.  One  does  not 
dream  of  the  nearness  of  a  stream  till  he  comes  upon  the  immediate 
edge  of  its  channel. 

(2).  The  snr&ce  everywhere  manifests  what  may  be  called  a  sink- 
and-swell  topography.  Sometimes  the  swells  or  low  ridges  are  much 
elongated,  and  have  a  general  trend  somewhat  like  the  waves  npon  the 
sea.  At  other  times  the  elongated  character  is  not  prominent  where 
there  is  an  indiscriminate  mixing  of  low,  rounded  domes  with  shallow, 
circalar  basins. 

The  amplitnde  of  nndnlation,  or  the  ratio  of  the  difference  in  altitude 
between  the  tops  of  the  hills  and  the  bottoms  of  the  depressions  to  the 
distance  between  hilltops,  varies  greatly  in  differeut  portions.  In 
many  cases  it  may  be  5  feet  to  a  mile  or  a  mile  and  a  half.  Perhaps 
nowhere  in  the  whole  area  under  consideration  is  it  more  than  40  feet 
to  a  half  mile,  and  examples  of  this  extreme  occur  but  rarely. 

(3).  Nothing  like  buttes  is  fonnd  in  this  region.  While  this  is  trne 
in  general,  there  are  inequalities  of  great  extent,  probably  due  to  pre- 
Glacial  topography,  which  will  be  mentioned  as  we  describe  the  area 
more  in  detail. 

WE8TBBN   REGION. 

Under  this  head  we  would  include  all  of  the  country  lying  west  of  a 
line  runuing  north  &om  the  Choteau  Oreek  Hills  to  the  moraine  and 
outside  of  the  latter.  This  has  an  oblique,  fan-like  form,  with  its  nar- 
row or  handle  portion  extending  northward,  east  of  Turtle  Bidge,  and 
drained  by  the  north  branch  of  the  Firesteel. 

Where  this  widens,  south  of  Turtle  Kidge,  there  begins  a  valley 
extending  southward  which  is  now  occupied  by  the  upper  portion  of 
the  West  Fireateel,  then  with  White  Lake  and  the  valley  of  Pratt 
Oreek.  This  valley  lies  approximately  parallel  with  the  moraine  west 
of  it.  Althongb  t^roagh  the  most  of  its  coarse  it  now  contains  but 
little  water,  it  beara  evideDce  of  having  been  at  some  time  occapied  by 
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a  stream  approachinfr  the  James  Biver  in  size.  The  vatershed  between 
White  Lake  and  the  West  Firesteel  is  very  low.  One  would  sospect 
on  first  sight  that  the  drainage  from  White  Lake  was  into  the  FiresteeL 
Pratt  Oreek  in  its  lower  portion,  near  Oastalia,  has  eroded  a  valley  over 
200  feet  in  depth,  along  which  are  immense  beds  of  gravel  and  numerous 
bowlders. 

South  of  the  Firesteel  the  general  level  gradually  rises  to  an  altitade 
of  over  1,500  feet  at  Flankington  and  beyond  9  or  10  miles,  where  the 
country  begins  as  gradually  to  slope  southward,  forming  a  broad,  low 
swell  running  east  and  west,  which  displays  an  amplitude  of  undula- 
tion of  5  feet  to  the  half  mile.  Upon  its  southern  slope  lie  the  deep 
valleys  of  Andes  and  Wet  Uhotean  creeks.  About  their  apper  coorses, 
in  the  vicinity  of  Grandview,  the  surface  of  the  coontry  is  unusaally 
rough,  the  amplitude  being  from  35  to  40  feet  to  the  half  mile.  The 
general  level  of  the  country  gradually  rises  again  as  it  approaches  the 
moraine  southwest,  but  it  does  not  extend  to  the  moraine,  for  from  the 
vicinity  of  Pratt  Creek  to  the  Ghotean  Greek  Hills  there  is  a  broad  shal- 
low valley  extending  parallel  with  the  moraine,  which  seema  to  have 
been  formed  by  the  flow  of  water  toward  the  principal  ootleta.  This 
valley  near  the  southwest  end  of  Andes  Lake  is  over  300  feet  below 
the  general  level  of  the  country  south.  It  is  occupied  by  the  tributfuiee 
of  Pease  Greek,  by  the  upper  portion  of  the  creek  flowing  through  the 
Andes  Lake  Outlet,  and  by  the  middle  course  of  Ghoteau  Oreek.  Else- 
where, also,  there  are  dry  channels  extending  through  it,  which  are 
probably  filled  with  water  in  springtime. 

Aside  &OTn  the  variations  in  level  which  have  already  been  alluded 
to,  there  is  a  more  general  slope  of  the  whole  area  toward  the  east. 
Torktowu  is  230  feet  above  Mount  Yemon,  according  to  railroad  levels, 
which  indicates  aslopeof  lOfeet  to  themiie;  yetno  one  in  traversing  it 
would  speak  of  it  as  other  than  a  very  level  plain.  An  indication  of  a 
similar  slope  is  derived  firom  a  preliminary  survey  between.  Chamber- 
lain and  Springfield.  About  9  miles  northwest  of  Lake  Andes  the 
altitude  is  1,665  feet,  also  by  railroad  levels,  while  in  Lower  Ghoteaa 
Oreek  Valley,  likewise  inside  the  moraiue,  it  is  300  feet  lower. 

More  evidence  of  this  eastward  slope  and  of  its  probable  recent 
origin  is  seen  near  White  Lake,  and  also  near  Lake  Andes,  in  the  appar- 
ent change  of  drainage  in  recent  times.  As  before  mentioned,  White 
Lake  and  the  upper  portion  of  the  West  Firesteel  lie  in  the  same 
valley.  The  country  east  is  level  and  much  lower  than  the  oooutry 
about  Plankiugton.  Evidently  the  drainage  of  the  region  was  at  one 
time  southward  into  Pratt  Creek.  Such  must  have  been  the  case  until 
the  ice  sheet  had  receded  nearly  to  the  second  moraiue.  At  that  time, 
or  possibly  cousiderably  later,  the  drainage  from  the  southwest  Wes- 
singtons  and  Turtle  Bidge  turned  eastward,  beginning  the  West  Fire- 
steel. This  may,  it  is  true,  indicate  nothing  more  than  the  withdrawal 
of  the  ice,  wltiiout  change  of  slope. 
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At  Lake  Andes  tbe  evidence  seems  more  strongly  In  fiivor  of  the  recent 
tipping  of  tlie  region.  Bstending  soathwest  from  the  Bonthem  eud  of 
Lake  Andes  tbroagh  tbe  gap  is  a  water  course  less  than  10  feet  above 
the  water  in  the  lake,  which  appears  as  though  it  had  been  recently 
occupied.  Sontheast  from  the  central  portion  of  the  lake  extends  a 
long  narrow  slough,  connecting,  it  is  believed,  with  Wet  Choteaa  Oreek. 
That  this  is  the  fact  is  not  certainly  determined.  Its  occapancy  by 
water  for  several  miles  in  that  direction  has  been  observed.  The  natural 
snggestion  which  comes  to  mind  in  considering  this  citse  is  that  the 
plain  abont  Lake  Andes  has  been  tipped  toward  the  east,  so  that  its 
western  oatlet  is  now  dry,  and  its  waters  are  seeking  drainage  toward 
the  southeast  by  what  was,  perhaps,  formerly  a  tribatary  of  the  lake. 

Other  reasons  for  believing  in  a  recent  westward  Novation  of  the 
coantry  will  be  considered  further  on.  This  case  ia  more  significant  than 
tbe  last  beoanse  we  can  hardly  explain  the  westward  flow  by  tbe  occu- 
pation of  the  eastern  oatlet  by  the  ice,  as  in  tbe  previous  case.  We 
see  no  reason  for  supposing  that  the  ice  would  linger  longer  in  the 
lower  Choteaa  Valley  than  near  the  Andes  Lake  Outlet,  but  contrari- 

Andent  lakes. — In  this  western  region  certain  areas  bear  evidence 
upon  the  surface  of  lacustrine  origin.  These  are  found,  as  before  stated, 
in  the  valley  of  the  West  Firesteel,  which  may  be  considered  as  a  for* 
mer  extension  of  White  Lake.  Another  is  found  southwest  of  Mitchell, 
extending  from  the  second  moraine  southward  to  the  vicinity  of  Plain- 
view,  lu  both  these  regions  tbe  surface  is  very  level,  there  being  little 
or  notraceof  the  undulating  surface  asually  found  upon  tbe  till.  Gross- 
ing T.  100,  B,  62,  on  the  borders  of  this  lacustrine  area  are  two  or  three 
light  and  disconnected  tines  of  low  stony  ridges  snggeative  of  morainic 
action,  but  possibly  due  to  thrusts  of  ice  against  the  shore.  Along  the 
western  border  of  this  latter  lacustrine  area  rise  Pony  Creek  and  Twelve- 
mile  Oreek,  which  flow  eastward  to  th«  James,  in  valleys  resembling 
those  already  described. 

Ancient  channeU. — Besides  the  ancient  valley  of  Pratt  Creek  and 
that  lying  inside  the  moraine  &om  the  Cedar  Creek  Hills  to  Choteaa 
Oreek,  which  have  been  mentioned  In  our  general  description  of  the 
coantry,  there  are  several  minor  ones  which  are  not  so  closely  con- 
nected with  the  general  topography, 

A  channel  extends  in  T.  104,  R.  63,  iirom  the  Firesteel  to  the  origin  of 
Enemy  Oreek.  In  sec.  34,  T.  102,  R.  61,  a  narrow  channel  with  abrupt 
sides  and  40  feet  in  depth  leaves  the  north  branch  uf  Enemy  Creek  and 
extends  soatbeast  to  a  branch  of  Pony  Oreek,  The  verification  of  this 
last  statement  was  kindly  accomplished  by  Mr.  O.  W.  Bailey,  who  lives 
in  the  vicinity.  As  this  lies  in  the  lacustrine  plain  before  mentioned, 
it  indicates  a  flow  of  water  around  the  ice  sheet  subsequent  to  tbe  stage 
in  which  the  lake  was  formed,  a  relation  which  reminds  us  of  what  was 
fi>Qudiuth«Bed  Lakeregion.   Again, a diannel extends iajr^98,B. 69, 
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from  Dry  Greek  to  Lone  Tree  Creek,  and  the  lover  coarBO  of  Dry  Creek 
conDect«  with  the  month  of  Pony  or  Twelvemile  Greek.  By  these  chan- 
aels  the  drainage  of  the  west  side  of  the  glacier  was  effected  dnring;  the 
time  of  the  formation  of  the  second  moraine,  as  shown  in  Fls.  XV  and 
XVI. 

Welk. — With  regard  to  the  stractare  of  the  drift  formations  throngh- 
oat  the  area,  considerable  light  has  been  derived  from  wells  and  other 
excavations.  In  general,  the  stractnre  seems  to  be,  as  osnal,  upon  gla- 
ciated surfaces.  First,  there  is  a  layer  of  yellow  pebble  day  from  10  to 
30  feet  thick,  which  passes  below  insensibly  into  blue  pebble  clay,  or 
frequently  there  is  a  layer  of  sand  between  them. 

Along  the  foot  of  Turtle  Bidge  the  drift  seems  unusually  thin.  The 
OretaceouB  clays  are  reached  within  15  to  20  feet  of  the  surface.  Near 
White  Lake  the  drift  is  much  deeper — more  than  50  feet  at  least 
Near  White  Lake  Btation  several  wells  of  considerable  depth  were 
dag,  none  of  them  reaching  through  the  drift.  The  town  well  was  90 
feet  deep,  most  of  it  being  through  blue  clay.  No  water  bad  been  found 
wheD  visited.  Fragments  of  wood  were  found  at  a  depth  of  nearly  80 
feet.  One,  apparently  a  root,  was  over  a  foot  in  length  and  3  iucbes  in 
diameter.  Generally  there  is  found  in  that  vicinity  first  40  feet  of  yellow 
clay,  then  30  feet  of  blue  clay,  then  a  layer  of  sand,  then  blue  clay  agfuo. 
Water  has  not  been  found  except  in  the  yellow  clay  in  basins.  At 
Flankington  there  is  first  usually  7d  feet  of  yellow  clay,  then  65  feet 
of  blue  clay,  then  chalk  or  shale  containing  water.  Near  Grandview, 
wells,  which  are  usually  dug  in  basins,  are  about  10  or  12  feet  in  depth. 
A  well  dug  in  town  upon  the  hilltop,  I  was  reliably  informed,  was  150 
feet  deep  and  had  failed  to  reach  water.  All  below  a  few  feet  of  yellow 
clay  at  the  surface  was  blue  clay.  Sixty  feet  of  it  was  dug,  the  rest 
bored.  No  trace  of  pebbles  was  found  in  the  last  10  feet.  At  Mount 
Vernon  a  well  108  feet  deep,  and  containing  52  feet  of  water,  was  dug 
through  40  feet  of  clay,  the  rest  beiug  chalkstone.  This  chalkstone 
appears  on  the  general  slope  of  the  country  2  or  3  miles  west  of  Mitchell 
It  also  appears  in  natural  esposnres  near  the  general  level  10  miles 
southwest  of  Mitchell,  in  ravines  connected  with  Enemy  Greek ;  also 
near  the  bottom  of  the  valley  of  the  Firesteel  northwest  and  north  of 
Mitchell,  and  in  a  ravine  southeast  of  that  place.  This  chalkstone, 
which  before  weathering  is  bluish,  and  is  then  sometimes  called  soap- 
atone,  has  been  struck  in  wells  8  miles  north  of  Grandview.  At  Gas- 
talia,  on  a  low  bottom  of  Piatt  Greek,  wells  25  feet  deep  bring  to  the 
surface  mostly  blue  pebbly  clay.  At  Plainview  wells  44  feet  deep  were 
mostly  in  blue  pebbly  clay  and  furnished  jHwr  water.  At  Emsley  post- 
office,  a  little  west  of  Plainview,  a  well  was  observed  about  50  feet  in 
depth,  which  showed  little  but  pebbly  clay  and  very  little  water.  Several 
miles  southwest  of  Plainview  a  well  30  feet  in  depth  showed  mostly 
blue  pebbly  clay,  but  at  the  bottom  a  thin  layer  of  sand  and  gravel, 
below  which  there  was  apparently  shale. 
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Id  the  vesterD  portion  of  the  region  now  under  consideratioa  traces 
of  wood  have  been  frequently  reported  as  found  in  veils.  Most  of 
them  seem  likely  to  be  of  the  sort  already  mentioned  as  having  been 
foond  in  the  well  at  White  Lake,  which  probably  is  a  relic  of  pie- 
glacial  or  circumglacial  forests. 

An  ancient  tamarack  swamp. — Near  Orandview,  in  the  southeast 
quarter  of  sec.  33,  T.  100,  B.  G4,  were  found  traces  of  more  recent  occu- 
pation of  the  region  by  trees.  la  a  well  which  had  been  dug  on  the 
edge  of  a  basin  near  a  branch  of  Andes  Creek  at  the  depth  of  20  feet 
was  found  a  layer  of  muck  several  inches  in  thickness,  in  which  were 
pieces  of  wood  with  numerous  fresh-water  shells  of  nearly  a  dozen 
species.  But  the  most  remarkable  thing  was  the  stem  of  a  hemlock  or 
tamarack  about  10  inches  iu  diameter  lying  across  the  well,  and  in  the 
muck  were  numerous  cones  evidently  of  the  same  species.  Overlying 
this  trace  of  a  tamarack  swamp  was  mud  of  various  colors  and  con- 
sistency, evidently  washed  from  the  surrounding  hillsides.  That  it 
should  be  so  deeply  buried  was  chiefly  explained  by  its  connection  with 
the  channel  of  Andes  Creek.  This  was  conclusive  evidence  that  the 
region  had  been  occupied  more  or  less  by  timber  since  the  ice  had  cov- 
ered the  region,  possibly  while  the  second  moraine  was  in  process  of 
formation.  Similar  finds  are  reported  trom  wells  several  miles  west  of 
that  place.' 

Spotted  gur/tme  of  the  country, — One  peculiar  characteristic  of  the 
surface  of  the  country  about  Plaukiugton  and  west  is  the  occarrence 
of  patches  of  clay  spread  irregularly  in  the  black  loam,  which  is  the 
usual  soil  upon  the  drift,  and  in  this  portion  still  forms  most  of  the 
surface.  These  clay  patches  are  very  irregular  in  shape  and  in  depth. 
In  wet  weather  they  are  very  soft  and  miry,  and  in  dry  weather  very 
hard  aud  frequently  seamed  with  mud  cracks.  They  are  usually  cov- 
ered with  what  is  commonly  called  alkali  grass  ( Triticum  repeng),  which 
in  the  latter  part  of  the  summer  is  dead,  while  the  blue  joint  and  other 
grasses  upon  the  loam  are  still  green. 

In  a  few  shallow  cuts  near  Plaukiugton  it  was  noticed  that  the  clay 
extended  in  a  horizontal  direction  and  that  it  and  the  loam  were 
coarsely  iuterstratifled.  It  is  possible  that  this  peculiar  character  of 
the  country  is  due  to  its  having  been  occupied  by  shallow  waters  from 
which  clay  and  loam  were  precipitated  somewhat  as  clay  aod  sand  are 
deposited  upon  bars  along  the  Missouri  at  the  present  time.  Another 
explanation  may  be  found  to  meet  some  cases  better,  viz,  that  the  clay 
patches  are  due  to  masses  of  Cretaceous  clay  carried  along  bodily  by 
the  forces  of  the  glacier  and  deposited  as  bowlders  which  have  after- 
wards been  flattened  out.  Another  and  perhaps  more  probable 
explanation  is  that  alkaline  waters  continuing  iu  the  depressions 
have  dissolved  the  silica. 
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JAMBS  TALLET. 

This  valley  occupies  the  portion  between  the  moraines  from  the  east 
side  of  the  region  already  considered  to  Turkey  Bidge,  where  the  two 
moraines  are  in  contact.  The  westerQ  portion  of  this  region  resembles 
that  already  described.  Perhaps  little  need  be  added  concerning  it. 
Most  of  it  ia  nearly  level.  The  exceptions  are  fonnd  near  the  larger 
streams  and  in  the  vicinity  of  the  principal  moraine,  particnlarly  near 
the  head  of  the  interlobular  portions.  We  have  already  noticed  the 
rougher  portion,  which  appears  along  the  eastern  rim  of  the  semicircular 
valley  around  Ohoteau  Greek  Hills.  With  the  rough  area  near  Graad- 
view  this  may  indicate  that  the  ice  sheet  bad  a  faiat  tendency  to  form 
a  moraine  between  the  principal  and  second  moraines.  Another  some- 
what exceptional  feature  is  the  occurrence  of  ponds  and  lakes  iu  unnsuat 
numbers  along  a  line  running  west  from  Lesterville  for  10  or  12  miles. 
The  principal  streams  of  this  region  are  Emanuel  Creek  on  the  west, 
James  River  near  the  center,  and  Clay  Creek  on  the  east.  Emanoel 
Creek,  west  of  Scotland,  flows  in  a  wide  valley  about  50  feet  below  its 
eastern  rim  and  at  a  level  higher  than  the  plain  a  few  miles  east.  'Sear 
its  mouth  it  occupies  a  narrow  valley  125  to  150  feet  deep.  The  James 
Biver  has  a  valley  with  abrupt  stony  sides  and  from  a  quarter  to  half 
of  a  mile  in  width.  Its  depth  at  MiJltown  is  about  115  feet;  northeast 
of  Scotland,  about  150  feet.  Clay  Greek  occupies  a  '^road  valley  near 
the  moraine,  which  evidently  at  one  time  was  the  principal  outlet  from 
the  ice  sheet.  This  valley  near  the  moraine  is  50  to  75  feet  in  depth 
below  the  plain  northwest.  The  tributaries  of  these  streams  have  cut 
down  to  the  same  level  near  their  jnactiona,  and  occupy  narrow  valleys 
with  abrupt  sides  throughout  nearly  their  whole  course.  They  rise  in 
basins  or  shallow  winding  valleys.  Through  the  dryseasons  theyoon- 
stst  of  chains  of  deep  pools,  with  little  ornomiiningwater  between. 

Expotures  of  older  rocks, — Along  the  James  Biver  we  discover  again 
many  natural  exposures  of  older  rocks.  The  ohalkstone  of  the  Nio- 
brara is  exposed  on  the  banks  of  a  small  stream  near  Scotland,  about 
75  feet  below  the  general  level.  North  of  Milltown  for  several  miles 
the  Dakota  sandstone  occupies  both  banks  of  the  James,  rising  40  or  50 
feet  above  the  stream.  At  Rockport  is  an  extensive  exposure  of  Sionx 
quartzite  covering  several  hundred  acres,  and  just  above  it,  on  the  east 
side  of  the  river,  there  is  cbalkstone  in  several  localities.  Along  Enemy 
Greek  both  the  Dakota  sandstone  and  the  red  quartzite  are  exposed, 
but  the  tatter  was  too  low  to  be  touched  by  the  glacier.  The  chalks 
stone  shows  conspicuously  along  Olay  Creek  120  feet  above  the  stream 
and  about  50  feet  above  the  general  level  of  the  plain  west.  It  is 
also  widely  exposed  along  the  Firesteel  and  the  channels  to  the  south, 
including  Enemy  Creek,  as  far  west  as  Mount  Vernon. 
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This  region  resembles  the  western  region  in  outline,  except  that  its 
EEUi-lifee  portion  is  more  extended  toward  the  soatbeast.  Its  narrow 
part,  corresponding  to  the  handle  of  the  fan,  is  ocoapied  by  t'he  valley 
of  the  £}ast  Yennilion,  The  general  slope  of  the  whole  surface  is 
toward  the  soatheaat.  This  is  indicated  by  the  present  direction  of 
the  streams,  and  there  is  no  evidence  of  a  change  of  course,  as  in  the 
western  portion  of  the  region  between  tbe  moraines.  There  is  little 
trace  of  lacustrine  action  except  along  the  Lower  Vermilion,  and  this 
evidently  waa  greater  during  the  recession  of  the  ice  than  while  the 
second  moraine  was  forming.  Along  the  east  side  of  Turkey  Bidge 
nomerouB  narrow  northwest- southeast  valleys  indicate  the  action  of 
mnning  water  during  the  earlier  recession  of  tbe  ice.  About  Swan 
Lake,  in  Turner  County,  occupying  an  east-west  strip  3  or  4  miles  in 
width,  is  a  rough  ^wrtion  showing  many  low  stony  bills  and  ponds. 
This  continues  northeastward  past  Lenox,  and  may  be  correlated  with 
tbe  trace  of  a  minor  moraine  before  noticed.  The  average  altitude  of 
this  strip  is  not  greater  than  tbe  country  north  and  south  of  it.  North 
of  Swan  Lake,  about  Turkey  Kidge  Creek,  the  country  is  unusually 
dat  and  clayey,  forming  the  broad  shallow  valley  of  Turkey  Bidge 
Creek,  which  is  the  principal  tributary  of  tlie  Yermilion. 

The  East  Vermilion  and  Vermilion  form  the  principal  stream  of  this 
region.  The  East  Vermilion  occupies  a  deep  valley  just  inside  tbe 
outer  moraine.  West  of  Madison  it  is  about  200  feet  below  the  summit 
of  the  outer  moraine  and  about  90  feet  below  the  high  swell  just  west 
of  it,  which  &Tther  south  is  the  second  moraine.  In  its  upper  portion 
it  displays  a  very  bowldery  terrace  along  the  inside  of  the  principal 
moraine. 

Below  tbe  month  of  tbe  West  Vermilion  the  stream  passes  through 
a  broad  basin-like  valley,  perhaps  once  a  lake,  till  it  approaches  Turner 
or  Davis,  its  immediate  valley  being  only  15  to  25  feet  deep.  Near 
Turner  its  channel  deepens  to  35  feet,  is  about  50  feet  a  little  north  of 
Lodi,  60  feet  at  Bloomingdale,  and  over  80  feet  at  its  mouth.  The  broad 
plain  along  its  lower  course  is  very  level  and  even.  It  extends  with 
similar  characters  through  the  principal  moraine  and  terminates  as  a 
terrace  of  the  Missouri  River. 

There  is  no  distinct  watershed  between  the  Vermilion  and  the  Big 
Sioux.  The  plain  reaches  through  to  the  Big  Sioux  without  much  vari- 
ation in  level.  There  is  probably  a  very  slight  Bloi>e  to  the  southeast, 
but  railroad  levels  scarcely  show  it.  The  course  of  the  streams  in  that 
direction  seems  more  the  result  of  their  following  back  the  ice  sheet  in 
its  recession. 
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REGION  INSIDE  THE  SECOND  MORAINE. 

This  portion  of  oar  field  has  a  very  even  Barfiw%  From  the  inside 
of  the  second  moraine  weat  of  the  James  the  surface  extends  eastward 
as  almost  a  dead  level  to  the  vest  aide  of  Miner  County,  where  it 
begins  to  rise  gradually  toward  the  eaet,  and  so  continaee  in  that  direc- 
tion to  the  second  moraine  on  the  eaat.  This  eastern  portion  presents 
the  nsaal  topography  of  slight  swells  and  basins,  with  the  fUrther 
modification  of  broad  shallow  valleys  running  soatbward.  These  are 
occupied  by  varions  branches  of  the  Vermilion  and  the  James.  Begin- 
ning on  the  east,  we  have  the  West  Yermilion  Biver,  Wolf  Greek,  and 
Bedstone  Creek. 

Upon  the  level  portion  of  this  region  the  streams  take  a  southwest 
or  sontheast  direction,  as  the  ease  may  be,  to  the  James  Biver.  The 
whole  of  this  region,  except  it  may  be  a  smalt  portion  north  of  Woon- 
socfcet,  presents  the  features  of  an  ancient  lake  bed  filled  with  drift 
deposits.  Its  boundary,  so  far  as  yet  ascertained,  lies  close  along  the 
Inside  of  the  second  moraine  from  the  vicinity  of  Woonsocket  to  Med- 
icine Hill.  This  line  passes  a  mile  or  so  west  of  Letcher,  through 
Mitchell,  where,  however,  it  is  obscured  by  knolls,  thence  carving  east 
and  northeast  aroaud  the  foot  of  Medicine  Hill.  From  that  point  it 
curves  sontheast  for  a  few  miles,  then  around  again  to  the  northeast 
and  north,  and  passes  abont  2  miles  east  of  Diana,  and  continues  north 
indefinitely.  It  seems  not  improbable  that  this  ancient  lake  extended 
as  far  north  as  Lake  Tchanchicaha.  This  conclnsiou  is  strongly  sus- 
tained by  railroad  levels.  According  to  the  Chicago,  Milwaukee  and 
St.  Paul  survey  the  altitude  of  the  station  at  Mitchell,  which  is  a  little 
below  the  general  level,  is  710  feet;  Letcher,  713  feet;  Mellette,  which 
is  100  miles  farther  north  and  again  on  the  level  of  the  lake- like  plain, 
712  feet;  Warren,  713  feet;  Aberdeen,  715  feet,  while  in  tiie  region  now 
nnder  consideration,  Diana,  which  is  near  the  eastern  boundary  of  the 
lake,  is  727  feet.    These  altitudes  are  above  Lake  Michigan. 

The  general  surface  shows  a  thin  covering  of  silt,  bat  bowlders  and 
pebbles  are  found  a  little  below  the  surface.  Along  the  west  side  of 
the  area  there  is  an  old  channel,  now  a  marsh  called  Long  Lake,  which 
extends  from  2  or  3  miles  east  of  Woonsocket  southward  to  the  vicinity 
of  Letcher.  Along  this  marsh  and  soath  to  Mitchell  the  surface  and 
subsoil  are  sandy.  Probably  this  same  sandy  strip  extends  northward 
along  Sand  Creek,  but  this  has  not  been  ascertained.  Aroond  Forest- 
bnrg,  according  to  report,  the  sand  has  collected  in  well-developed 
dunes.  A  [wrtion  may  be  kames.  The  James  Biver  has  cut  a  narrow, 
sharp-edged  valley  throngh  this  plain.  It  is  60  feet  below  the  level  of 
the  plane  near  Huron,  60  feet  at  Foreatbnrg,  76  feet  east  of  Letcher, 
and  90  feet  east  of  MiteheU. 

This  lake  seems  to  have  been  for  the  most  part  filled  to  the  level  of  its 
surface,  bat  south  of  Diana  (Artesian),  and  north  of  Letoher,  peculiar 
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depreBsioDS  were  noticed  which  may  be  most  readily  explained  by  snp- 
posing  that  the  lake  at  that  poiut  was  not  filled.  The  snrface  presents 
low  moaoda  and  broad  ridges,  irregularly  arranged  and  in  some  oases 
isolated,  interspersed  with  shallow  marshy  basins  from  10  to  15  feet 
belov  the  general  level.  The  monnds  between  in  no  case  rise  above 
the  general  level.  A  ready  explanation  is  that  they  were  at  first  occa- 
pied  by  ice  blocks,  while  d4bna  firom  the  rapidly  melting  ice  sheet  bailed 
them  and  leveled  the  general  snrface.  In  other  words,  the  region  is  a 
"pitted  plain,"  with  the  "pits"  nnasnally  large  and  confaent. 

Flowing  tcellg. — A  remarkable  featore  of  the  region  is  the  existence  of 
flowing  wells  in  the  vicinity  of  Diana  and  Forestbarg.  These  are  inva- 
riably obtained  by  boring  throngh  the  till,  which  is  about  100  feet  in 
thickness,  to  a  layer  of  gravel  lying  nndemeath.  Sometimes  thiu  layers 
of  sand  are  struck  in  the  till.  The  fiow  is  abundant  and  rises  to  about 
15  feet  above  the  surface  at  Diana.  At  all  points  below  that  level,  as 
far  as  has  yet  been  fonnd,  flowing  wells  may  be  obtained.  The  moat 
tnistwortby  and  explicit  accoants  were  obtained  from  Mr,  C.  J.  Oronin- 
ger,  of  Diana  (now  called  Artesian).  Similarconditions  are  fonnd  near 
Foreatborg,  bnt  have  not  been  so  carefully  examined.  At  Letcher,  also, 
a  flowing  well  was  drilled,  bet  the  water  was  obtained  from  a  much  lower 
stratum,  probably  the  Dakota  sandstone.  It  was  at  a  depth  of  more 
than  335  feet.  This  well  was  a  pioneer  of  the  deep  artesian  wells  that 
now  aboand  in  this  region.  It  was  drilled  about  1884.  A  description 
of  the  well,  furnished  by  Mr.  H.  M.  Hopkins,  who  had  charge  of  ita 
boring,  is  as  follows: 

Well  aeotioH  at  Letchtr,  South  Dakota. 

1.  Deep  Mil. 

2.  Yellow  clay. 

3.  Sand,  1  foot. 

4.  Blae  olay,  containing  a  Uyei  of  suid  1  foot  thick ;  this  extends  to  a  depth  of 
100  feet. 

5.  OraTcl  and  qnicksand  of  MTorsl  feet. 

6.  Soapatone,  75  feet,  with  some  elate. 

7.  Sand  rock  to  the  bottom,  336  feet  deep. 

Gauae  of  Lake  Dakota. — The  reason  why  this  area  was  not  opened 
at  its  southern  end  ao  as  to  prevent  the  accumulation  of  a  body  of 
water  may  be  traced  to  the  configuratiou  of  the  bottom  when  left  by 
the  ice  sheet,  and  the  failure  of  the  ice  to  excavate  toward  the  south  is 
readily  explained  by  the  extension  of  the  red  quartzite  across  its  path. 
This  barrier  may  be  conceived  to  have  so  checked  the  ice  as  to  increase 
the  height  of  its  surface  aud  the  erosive  action  below,  jnst  as  is  the 
caae  with  a  stream  in  similar  circomstances.  It  would  have  also 
increased  the  velocity  of  subglacial  streams,  and  in  this  way  may  have 
tended  to  accomnlat«  massca  of  gravel.  The  sandy  region  along  its 
western  side,  together  with  the  ancient  channel,  now  a  marsh,  may  be 
leferred  to  the  more  recent  occapation  of  that  side  by  the  stream,  or 
to  the  curreuta  flowing  through  when  the  lake  was  filling. 
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Buried  vood. — From  geveral  localities  reports  have  come  of  trttg- 
meots  of  wood  foaod  in  wells.  But  while  snspecting  that  a  d^Hisit  of 
this  material  might  be  disoovered  in  the  lake,  after- diligent  inquiry  in 
several  cases,  facte  were  not  found  to  favor  sach  a  conolnsion.  The 
fragments  were  isolated,  only  a  few  inches  in  diameter,  and  occoired 
at  different  depths. 

StruB  leithin  the  moraine. — The  region  within  the  second  moiwne  oon- 
taius  extensive  exposnres  of  red  quartzite  which  present  in  a  striking 
manner  the  abrading  action  of  the  ice.  In  the  following  table  is  pre- 
sented the  more  striking  observations  which  have  been  made.  At  the 
westernmost  exposure  of  the  red  quartzite  no  strife  have  been  foond, 
and  the  occurrence  of  the  Dakota  sandstone  several  feet  higher  in  its 
dose  vicinity  indicates  that  it  was  not  sabject  to  the  action  of  the  lee. 

stria  found  mUhin  f  h«  lecond  noraint. 
[Comcled  for  nugneUo  TuiaUon.] 


Looalit;. 

DbMtiad. 

BookpoTt: 

By  th«  wbooUioiiw  at  west  side 

S.51''-59°-e5°  K. 

Sevea  mtlee  nortb  of  Alexandri» 

S.2^-VP-2(P-S2°E. 

Pi8rCroek,5raileBnorthofAl8xandrf». 

8.  W-IV'  E. 

Wolf  Creek,  6  milsB  «ast  of  last 

8. 8°-I20-17°-22o-29°-320-37°-43°- 

49°-57°  E. 

WolfCi»«k,»outhweBtofBridgew»ter. 

S.  12  W.    8.  12O-150-17°-l»°-aio- 

22=-27°-39^-39°  E. 

Only  one  locaUty  is  found  between  the  moraines,  viz,  2  miles  east  of 
Parker,  where  the  direction  is  9. 52°  E, 

The  exposarea  in  this  region  are  rather  extensive,  the  one  at  Bock- 
port  covering  more  than  a  square  odle.    It  affords  comparatively  fiaw 
striie,   because    of   its 

*  ,=,._. "^       weathered  character. 

?^^j— ^ --  -        ByfarthefiDestlocalit^ 

""'"---  -  forits  display  of  distinct 

--'-:—      and  vared  striae  is  aonth- 

_,  _^       west    of    Bridgewater, 

^-  ~  where  many  are  severtU 

rig.  so—A.  gouge  from  qnutdW  eipoeure,  ami  Bridgew.Mr.       fgetiu length  (PI.  X  VU). 
Sonth  Dakotd.  ,.,,  .  , 

They  show  curves  and 
crooked  lines  of  remarkable  form.  Ooe  was  noted  12  feet  long,  2 
to  3  inches  wide,  and  aboat  one-fourth  inch  deep.  The  cresceotic 
cracks  are  also  finely  exhibited;  a  system  18  inches  wide  and  3  feet 
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long  was  noted,  and  they  occur  of  all  sizes  from  that  down  to  an  inch 
in  width.  A  rocbe  montoun<:-e  aboat  10  feet  high  and  with  several  noa- 
descript  figures  pecked  upon  its  surface,  stands  by  the  creek  near  the 
center  of  the  valley.  Toward  the  westernmost  exposure  of  the  qnartzite 
is  a  peculiar  epoonlike  gouge  in  the  rock,  evidently  formed  by  the  ice, 
at  least  smoothed  and  shaped  by  it.  Its  edge  tow^  the  norUi  is  quite 
complete,  sharply  defined,  and  curved  like  the  point  of  the  bowl  of  a 
spoon.  Its  soatheru  edge  is  lost  in  the  lower  sarfiice  surrounding. 
The  portion  oorrespooding  to  the  bowl  of  the  spoon  is  regularly  but 
slightly  concave.  Theoater  sarfaceof  asmroaDdingrock  rises  gently 
toward  the  rim  before  described.  The  subjoined  sketoh  illustrates  it 
better  than  words  (fig.  30). 
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These  have  an  importaot  bearing  apon  the  glacial  history  of  the 
region,  as  they  record  more  or  less  clearly  the  yariadoos  in  level  of 
streams  attending  the  Glacial  epoch  and  sabseqnent  to  it.  They  form 
perhaps  the  clearest  evidence  attainable  in  oar  field  concerning  the 
movements  of  the  earth's  crnst  and  the  meteorological  conditions  during 
the  epoch.  This  evidence  is  the  more  valuable  beoacse  it  is  in  great 
measure  independent  of  glacial  deposits. 

TERRACES  OP  THE  MISSOURI  AND  ITS  TRIBUTARIES. 

These  readily  arrange  themselves  in  three  groups :  The  silt  terraces, 
the  lower  bowldeiy  twraces,  and  the  higher  bovldery  terraces. 

SILT    TBBRAOIS. 

The  silt  terraces  are  chiefly  diatingoished  by  the  fineness  of  their 
materia  and  their  markedly  lover  elevation.  They  do  not  rise  any- 
where higher  than  100  feet  above  the  present  stream,  and  are  usnally 
much  lower.  Although  covered  with  silt,  they  are  not  entirely  com- 
posed of  it,  but  often — especially  the  higher  ones — are  composed  largely 
of  Cretaceons  clays  in  situ. 

The  survey  of  this  group  of  terraces  has  been  necessarily  very  iuoom- 
plete.  The  nnmber  of  observations  taken  is  far  from  sufficient  to  pre- 
pare the  way  for  a  thorough  discussion  of  them.  The  attention  of  the 
writer  has  been  more  tonied  to  the  bowldery  terraces,  which  are  more 
intimately  connected  with  glacial  phenomena.  In  general  it  may  be 
said  that  there  are  two  silt  terraces  which  lie  above  high-water  mark 
of  the  present  time  and  which  may  be  traced  at  most  points  favorable 
for  their  preservation.  The  diflSculty  of  oorrelatiog  them  arises  from 
their  higher  elevationa  in  the  vicinity  of  tributaries  and  the  occasional 
interpolation  of  subordinate  terraces. 

At  the  Great  Bend  (PI.  X  VIII)  the  higher  terrace  upon  the  right  side 
of  the  river  lies  &om  90  to  100  feet  above  low  water.  It  is  extensively 
developed  in  the  bend;  in  fact,  with  the  lower  silt  terraces  it  occupies 
the  whole  area  of  the  bend  north  of  its  neck.  This  bend  describes  a 
circoit  of  30  miles,  retomiug  to  about  2^  miles  from  its  beginning.  At 
this  locality  is  well  illustrated  the  principle  that  a  continnally  cutting 
stream  forms  a  slope  ou  the  inside  of  a  bend,  which  shows  no  break 
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anlesa  the  conrBe  of  the  Btream  is  at  some  point  turned  ugaiost  it 
Hence  we  find  that  this  upper  terrace  grades  down  insensibly  to  the 
lower  terrace  in  this  slope,  which  is  7  or  8  miles  in  length.  On  the 
eastern  side  of  the  neck,  where  the  measurements  already  given  were 
taken,  the  lower  silt  terrace  is  from  30  to  70  feet  higher  than  the  river, 
while  the  present  flood  plain  is  only  10  to  18  feet  above.  On  the  oppo- 
site side  of  the  river  the  higher  tdrrace  extends  as  a  plain  from  2  to  3 
miles  in  width  from  the  Great  Bend  to  Crow  Greek  Agency  and  beyond. 
Its  elevation  above  the  river  at  the  npper  end  is  from  90  to  108  feet. 
Near  Grow  Greek  Agency,  where  Soldier  Greek  enters  from  the  north- 
east, it  is  from  nearly  110  to  200  feet,  while  the  bottom  lands  npon 
which  the  agency  baildings  are  located  is  about  16  feet  above  the 
river. 

At  Ghamberlain  the  lower  terrace,  npon  which  the  town  is  bnilt,  is 
well  represented,  and  shows,  away  firom  the  mooth  of  American  Creek, 
the  Niobrara  cbalkstone  occupying  most  of  its  height.  It  slopes  ilrom 
about  70  to  60  feet.  Along  its  outer  edge  are  a  series  of  short,  sandy 
spnrs  which  rise  to  126  feet.  They  may  be  part  of  a  delta  of  American 
Creek.  The  lower  terrace  is  narrowly  developed  along  American 
Creek.  Across  the  river,  above  Chamberlaiu,  we  again  Und  the  higher 
terrace  well  developed,  from  10  to  TO  feet  in  height,  and  traces  of  lower 
terraces  also  occur. 

At  Lower  Brule  Agency  a  lower  terrace,  about  45  feet  in  height,  is 
well  developed,  the  upper  terrace  being  traceable  also  north  of  Amer- 
ican Crow  Creek,  and  back  and  south  of  the  agency  it  is  from  60  to  70 
feet  in  height.  Lower  than  the  terrace  upon  which  the  agency  is 
situated  is  a  narrow  flood  plain,  covered  at  high  water.  The  higher 
terra(«  may  be  traced  down  the  river  aa  follows :  It  is  &int1y  developed 
below  the  month  of  White  Biver  at  an  elevation  of  50  feet.  Opposite 
Brick  Kiln  Bnttes  it  is  narrowly  developed  and  is  about  80  feet  high. 
Below  the  month  of  Snake  Creek  a  high  terrace  appears  sloping  from 
a  rather  indistinct  line  about  160  feet  above  the  river  down  to  50  feet, 
where  it  ends  in  a  conspicnons  edge.  This  is  probably  to  be  attributed 
to  the  rapid  catting  down  of  the  lower  bowldery  terrace  through  the 
narrows  above  Wheeler,  At  Mill  Head  Point,  about  10  miles  above 
Wheeler  and  on  the  opposite  side  of  the  river,  it  is  about  75  feet  in  height. 
It  is  traceable  north  npon  the  opposite  side  of  the  river,  and  2  or  3 
miles  south  on  the  same  side.  At  Wheeler  thero  is  a  terrace  upon 
which  the  town  is  built,  about  45  feet  above  the  river.  The  fine  ter- 
race npon  which  Fort  Bandall  is  built  is  from  30  to  36  feet  above  the 
river.  At  Niobrara  the  new  town  is  built  upon  an  extensive  terrace 
abont  25  feet  above  the  river.  No  purely  silt  terraces  higher  than  from 
15  to  20  feet  are  noticed  along  the  river  farther  south. 

The  lower  terrace  is  ropresented  again  west  of  Brick  Kiln  Buttcs  at 
30  feet  and  at  the  same  level  at  Rosebud  Landing.  Below  the  month  of 
Snake  Creek  it  is  not  represented,  unless  in  a  broad  bottom  sloping  &om 
Bull.  158 9  '  "  "  "  c'^"" 
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aboat  25  feet  down  to  about  10  feet.  At  MilL  Head  Point  it  ia  sharply 
shown  at  45  feet  At  Wheeler  a  terrace  of  considerable  width  riaes 
about  18  feet  and  oontinaee  some  diatanoe  eastward  along  the  north 
bank  of  the  river.  A  aimilar  terrace,  thongh  narrowly  developed,  rises 
about  15  feet  at  Fort  Bandall,  and  ia  much  wider  on  the  opposite  side 
of  the  river  at  White  Swan.  Farther  down  this  seems  to  disappewr  or 
to  be  indistingoishable  from  the  flood  plain,  which  at  fTiobrara  rises 
from  10  to  15  feet  above  the  river,  and  abont  the  same  height  f^irther 
down.  This  lower  terrace  is  almost  purely  sand  and  dark  loam ;  the 
higher  terrace,  as  before  stated,  ft>eqnently  has  a  Oretaceous  base,  and 
at  some  points,  as  at  Wheeler  and  Fort  Randall,  considerable  gravel 
and  bowlderets  are  found  in  its  lower  portion, 

LOWXiB  BOWLDBBY  TEBBA0S8. 

Jnst  north  of  the  narrowest  portion  of  the  Great  Bend  rises  a  high, 
broad,  butte-like  faill.  To  the  north  it  is  bonuded  by  the  silt  terrace 
already  described.  At  the  south  a  low  ragged  ridge  of  Oretaceons  days 
connects  it  with  the  main  bank.  Its  sar&ce,  where  least  eroded,  la  quite 
even.  It  rises  235  feet  above  the  river.  Its  whole  upper  sorfoce  is 
covered  with  bowlders  and  gravel  mixed  with  yellow  clay. 

With  a  glass  tiie  hills  to  the  northwest  acioae  the  river  were  discuv- 
ered  to  be  also  bowlder  dad.  Upon  the  east  side  of  the  bend  the  high- 
land, cnrring  sharply  up  against  the  river,  shows  no  drift.  No  trace  of 
bowldery  hills  similar  to  the  one  described  ia  fonnd  till  Soldier  Greek 
is  crossed,  north  of  Crow  Creek  Agency.  There  a  range  begins  which 
extends  southeast  across  Campbells  and  Elm  creeks  to  the  vicinity  of 
Crow  Creek.  These  hills  are  more  or  less  detached  from  the  highlands 
north  by  eros'on.  East  of  Campbells  Creek  they  rise  to  320  feet  above 
tbe  river.  A  well-defined  bowldery  terraoewas  noticed  along  Boxelder 
Creek  12  miles  farther  east,  rising  to  tbe  height  of  125  feet  above  the 
stream.  It  is  estimated  to  be  15  or  25  feet  above  the  bowldery  terrace 
east  of  Campbells  Creek.  South  of  that  point  this  terrace  is  remark- 
ably developed  abont  the  jnnction  of  Boxelder  Creek  with  Crow  Creek. 
It  was  also  examined  between  the  lower  courses  of  Crow  and  Smith 
creeks,  where  it  is  mostly  a  barren  plain  of  gravel.  1 

In  the  vicinity  of  Chamberlain  the  extensive  series  of  old  channels 
and  terraces  which  have  been  noticed  in  onr  consideration  of  the  Bed 
Lake  region  are  fonnd  at  a  height  of  200  feet  above  the  river.  This 
inclndea  an  old  channel  catting  across  the  northwest  comer  of  T.  103, 
B.  71,  leaving  an  andent  island  west  of  it,  and  alao  the  channel  from 
American  Creek  southwest  to  the  Missouri,  iu  which  lies  Bed  Lake, 
(PI.  XY).  At  aboat  the  same  levd  is  a  broad,  well-developed  (errace 
lying  along  the  north  bank  of  the  Missouri  for  2  or  3  miles  above  its 
jnnction  with  White  fiiver.  Along  American  Creek  above  Pukwana  is 
an  old  lake  bed  at  the  same  altitude,  which  is  probably  a  portion  of  the 
old  Bed  Lake  channel.    The  terraces  and  channels  show  mncb  gravel  in 
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their  upper  portion,  thongh  covered  ■with  10  or  15  feet  of  loess-like  silt 
Ad  imperfect  exposure  in  a  ravine  northeast  of  Aucient  laland  before 
mentioned,  which  Is  oppcMite  Lowar  Aral«  Agency,  is  as  followa: 

Sxpomrt  northeatl  of  AimUitt  Island,  SmUh  Dakota. 

Ft.    In. 

Gravel  an^.  Mnd,  liorbKiutall;  stratified 8  0 

Lftminated  oIa;,  Bho wing  ripple  marks 1  2 

Gravel  and  sand,  arrBuged  lu  short  orescentio  patohea,  showing  obliqne  strati- 
fication (tomntlal) 10  0 

This  exposure  is  about  50  feet  below  the  bottom  of  the  old  valley,  and 
does  not,  therefore,  include  the  covering  of  silt  observed  elsewhere. 

In  the  vicinity  of  Chamberlain,  also,  the  prevalent  altitude  of  the 
bloffs  along  the  river  is  from  326  to  350  feet.  Their  tops  are  quite  uni- 
form and  little  eroded.  They  are  capped  with  40  to  50  feet  of  drill, 
which  paaaee  into  a  layer  of  loess  probably  ftom  5  to  16  feet  in  thick- 
ness. The  blnSb,  across  the  river  especially,  have  the  appearance  of  a 
terrace.  North  of  American  Crow  Greek  a  bed  of  gravel  was  fouud 
capping  the  edge  of  the  terrace-like  blaff  315  feet  above  the  Missouri. 
It  corresponds  iu  level  to  the  gravelly  drift  already  mentioned  as  quite 
extensive  on  the  soath  side  of  that  stream.  The  top  of  Ancient  Island, 
opposite  Lower  Brule  Agency,  rises  300  feet  above  the  river.  Between 
the  lower  coarse  of  the  White  Biver  and  the  Missoori  extends  a  silt- 
covered  plain  which  averages  about  the  same  elevation.  A  terrace 
occapyiog  the  first  bend  in  the  Missouri  to  the  south,  and  also  a  portion 
of  the  second  in  (he  same  direction,  is  estimated  to  be  at  the  same 
altitude.  The  lower  gravelly  plain  south  of  White  Biver  seems  to 
be  only  a  little  more  elevated  (350  to  400  feet),  and  probably  belongs 
to  the  same  formation.     Perhaps  some  of  it  is  a  little  more  ancient. 

Along  the  narrow  channel  directly  southwest  of  the  Bijou  Hills  I 
failed  to  observe  any  trace  of  this  terrace,  bat  west  and  northwest,  back 
of  the  silt  terrace  already  mentioned,  it  is  widely  developed  as  a  sloping 
terrace  from  95  to  175  feet  high.  It  presents  the  usual  features  of  10  or 
15  feet  of  loess-like  silt  above  a  heavy  deposit  of  bowlders  and  gravel. 
In  the  valley  of  Pratt  Greek,  near  its  mouth,  and  developed  extensively 
along  the  Missouri,  is  a  bowlder-topped  terrace  330  to  360  feet  above 
the  latter.  A  view  of  it  from  the  south  led  to  the  belief  that  it  was 
originally  connected  with  a  high  terrace  at  Mill  Head  Point,  which 
rises  250  feet  above  the  river  and  rapidly  declines  toward  the  soath. 
This  latter  terrace  exhibits  a  remarkable  quantity  of  bowlders  iu  its 
upper  portion,  the  coarseness  of  material  apparently  diminishing  down 
the  stream.  Its  structure  is  finely  shown  by  a  ravine  crossing  it  a 
little  below  Mill  Head  Point.  Its  upper  surface  was  originally  covered 
with  10  to  15  feet  of  loess-like  silt,  which  has  been  removed  near  the 
edges  and  along  the  ravines. 

At  Mill  Head  Point  there  is  an  extensive  bowlder  bar,  reaching  well 
out  into  the  river,  which  at  that  point  runs  like  a  mill  race.    I  was 
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informed  that  the  river  survey  developed  the  tact  that  the  river  aboat 

2  mileB  north  of  Wheeler  was  paved  with  bowlders. 

Back  of  Wheeler  ia  a  broad  terrace  rising  at  its  soathem  edge  about 
150  feet  above  the  river.  This  presents  a  deep  gravel  bed,  with  bowlders 
ill  its  upper  portion  and  covered  with  loess-liko  silt  aboat  10  or  16  feet 
ill  depth,  :Nortb  of  Fort  Bandall,  at  the  janction  of  the  Andes  Lake 
Outlet  with  the  Missouri,  a  broad,  sloping  terrace  lies  at  an  altitude  of 
120  feet  at  its  inner  edge  (PL  XIX).  Farther  baek  it  connects  with  the 
mouth  of  Andes  Lake  Onttet  at  the  altitude  of  200  feet.  In  this  ter- 
race the  Cretaceous  shales  rise  to  the  height  of  90  feet.  At  Greenwood 
the  terrace  upon  the  north  side  of  the  river  at  ite  edge  rises  to  an  alti- 
tude of  about  180  feet,  presenting  characters  similar  to  those  already 
mentioned.  This  terrace  continues,  with  abreadth  of  from  2  to  4  miles, 
along  the  north  side  of  the  Missonri  to  the  month  of  Ghoteau  Creek. 
It  presents  a  beautiful  fertile  plain,  quite  even  except  where  traversed 
by  the  three  or  four  creeks  which  flow  in  deep,  narrow  valleys.  The 
edge  of  the  terrace  back  of  Greenwood  is  175  feet  high;  east  of  the 
creek  near  by,  140  feet,  and  6  or  7  miles  east  in  s  similar  locality,  200 
feet.  The  remote  edge  of  the  plain  east  of  Grass  Lake  Outlet  is  240 
feet,  and  about  5  miles  northeast  of  Greenwood,  where  the  ancient 
bank  rises  abmptly  75  feet  above  it,  It  is  260  teeit  above  the  river  to  the 
south  (PI.  XX).  l^orthofBunning  Water  this  terrace  fills  the  bend  in 
tbe  Missouri  from  the  month  of  the  N^iobrara  to  Springfield,  with  an  alti- 
tude quite  uniformly  of  200  feet.  It  constitutes  the  first  bench  north 
of  the  town  of  Niobrara,  more  than  a  mile  in  width,  and  is  continued 
np  the  Niobrara  River,  first  in  the  sharp  south  bend  near  its  mouth, 
then  extensively  on  the  south  side  of  the  river  up  for  15  or  20  miles. 
This  terrace  is  also  well  developed  along  the  east  side  of  Bazile  Greek. 

Farther  east,  along  the  south  side  of  the  Missouri,  tbe  surface  has 
been  so  modified  by  erosion  that  little  trace  of  terrace  formation  could 
be  expected  and  none  was  noticed.  In  the  valley  of  Weigandt  Greek 
sontheast  of  Herrick,  Nebraska,  there  is  an  extensive  terraced  snr&ce 
rising  at  some  points  about  325  feet  above  the  MissourL  There  was 
much  difficulty,  when  first  examined,  in  correlating  it  with  other 
deposits  along  the  Missouri.  But  farther  study  led  to  the  satisfactory 
conclusion  that  it  was  formed  by  Weigandt  Creek  and  its  tribntanes. 
It  rises  from  175  to  200  feet  above  that  stream.  It  presents  the  usual 
features  of  a  gravelly  terrace,  with  the  silt  covering  scantily  formed. 
Similar  deposits  are  fonnd  along  the  neighboring  stream,  called 
Beaver  Creek. 

At  Yankton,  on  the  north  side  of  tbe  river,  the  outer  slope  of  the 
moraine,  as  was  noticed  in  the  valley  northwest  of  the  town,  is  quite 
gravelly  about  130  feet  above  the  river.    Passing  north  from  Yankton 

3  or  4  miles,  we  reach  a  broad  terrace  south  of  another  of  the  numerous 
Beaver  creeks.  This  is  at  an  altitude  of  120  feet  above  the  river  and 
connects  with  the  broad  valley  south  of  Lesterville.     Though  the 
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terrace  seems  mostly  covered  with  pebble  clay  or  loesa-like  silt,  ou  the 
slope  south  of  TJtica  considerable  gravel  was  notaoed. 

At  VermilioQ  the  principal  terrace,  which  Ib  6  or  7  miles  wide  and 
extends  eastward  to  the  Big  Sioaz,  is  about  80  feet  above  the  river. 
It  shows  its  structure  to  be  pebble  clay,  with  its  upper  surface  eroded 
and  capped  with  silt. 

Below  the  month  of  Floyd  Biver,  near  Sioux  City,  Is  a  terrace  115 
to  150  feet  high.  It  is  composed  of  coarse  sand  below  and  of  loess-like 
sUt  in  the  upper  two-thirds;  no  bowlders. 

In  tbe  vicinity  of  Herman,  ^Nebraska,  a  terrace  begins  which  con- 
tinnes  past  Blair  to  Be  Soto,  about  10  miles  in  length  and  in  places 
nearly  2  miles  in  breadth.  This  rises  100  feet  above  the  river.  At 
Fort  Calhoun  a  similar  terrace  extends  5  or  6  miles.  An  obscure  one 
about  60  feet  in  height  is  found  at  Omaha.  At  Bellevne,  north  of  the 
mouth  of  the  Papillion  Biver,  is  another  well-developed  terrace  from 
60  to  70  feet  above  the  river,  and  a  similar  one  is  found  below  the 
mouth  of  the  Weeping  Water  at  Wyoming. 

We  have  already  briefly  described  tbe  extensive  terraces  along  the 
Platte  and  Elkhorn  rivers  which  rise  to  a  level  of  80  feet  near  their 
junction. 

The  valley  of  the  White  Biver  approaches  that  of  the  Missouri  iu 
size,  and  is  likewise  mostly  excavated  from  the  Cretaceous  clays.  The 
alluvial  bottoms  rising  about  20  feet  from  the  bottom  of  the  river  form 
a  more  prominent  feature,  usually  occupying  most  of  the  space  in  the 
deep  bends  In  the  river.  Bising  abruptly  from  this  alluvial  plain  are 
bluffs  of  shaly  clay  over  100  feet  lu  height.  At  an  altitude  of  about 
130  feet  is  a  well-defined  gravelly  terrace  containing  mostly  western 
gravel.  This  seems  to  be  excavated  out  of  the  Cretaceons,  which 
appears  again  back  of  it  and  rises  abruptly  to  the  edge  of  a  higher 
terrace  about  200  feet  above  the  stream.  This  terrace  in  one  place 
shows  alluvial  deposits  30  or  40  feet  in  depth,  exhibiting  loess- 
like  ailt  below,  including  about  its  middle  a  dark  carbonaceous  layer 
like  an  old  soil.  It  is  capped  above,  first  with  gravel,  then  with 
bowldery  clay,  which  slopes  with  a  gentle  rise  backward  from  the 
river  to  a  height  of  about  260  feet.  At  the  height  of  about  325  foBp 
another  gravelly  terrace  appears,  containing  northern  erratics  and 
limestone  and  granite  bowlders  like  the  last.  This  seems  to  be  con- 
tinuous with  the  sheet  of  gravel  south  of  the  river,  which  has  already 
been  described. 

COMPOHITION   OF   LOWER  BOWU>KRY  TBRRACEB. 

Thus  far  we  have  treated  only  of  the  external  appearances  of  the 
lower  bowldery  terraces.  We  now  proceed  to  give  what  light  has  been 
found  concerning  their  internal  stmcture  and  composition.  There  has 
already  been  given  an  imperfect  section,  which  is  found  opposite  the 
Lower  Brule  Agency.    Apparently,  although  not  certainly,  the  pre- 
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TAilmg  straoture  is  somewhat  as  followe :  Ten  to  15  feet  of  ailt,  pftssiog 
abrnptlf  into  etratifled  sand  and  gravel,  which  is  coarse  and  bowldery 
near  the  top,  and  finer  and  more  evenly  stratified  belov,  the  depth  of 
the  sand  correspooding  to  the  inequalities  of  the  deposits  below.  In 
some  cases  the  upper  portion  of  the  gravel  is  more  or  less  ooeapied 
with  till  of  reddish  or  yellowish  t»>lor. 

At  White  Swan  and  below,  the  Niobrara  chalkstone  and  Pierre  clays 
rise  over  100  feet,  forming  a  very  substantial  base  for  the  terrace. 
Above  these  there  seems  to  be  a  heavy  body  of  till,  bat  it  is  nowhere 
well  exposed.  Seven  miles  east  of  Greenwood  the  Oretaceoaa  clays 
appear  to  rise  over  160  feet,  and  shallow  exposares  eshibitred  till  above 
for  30  or  40  feet,  and  a  mantle  of  silt  of  variable  thickness  over  the 
whole.  Between  that  point  and  the  month  of  Ohoteaa  Greek  the  ter- 
race is  mnch  eroded,  bnt  little  or  no  trace  of  sand  is  fhnnd.  The  phe- 
nomena of  soil  and  topography  seem  best  explained  by  sappoaing  that 
the  body  of  the  terrace  is  largely  composed  of  Pierre  clay. 

Opposite  N'lobrara  is  a  very  complete  exposure  of  the  terrace,  which 
is  as  follows : 

Exponrt  oppotiu  Niobrara,  IfOrtubi. 

LoeM-like  dit 10-13 

Eed  eU;,  imperrectlf  strati flad,  which  abonnda  in  polible*  and  bowldan 35 

Fioe  sand,  thinly  BtratiflDd,  iTith  no  fntoe  of  nortliern  emti«8 56 

Imperfect!;  espoMid , 4S 

Niobrara  cballtstone 70 

Level  of  the  river. 

The  sand  in  this  section  seems  identical  in  atractnre  and  composition 
with  that- observed  at  the  Devils  Nest  aod  north  of  Coleridge.  While 
there  it  is  at  an  altitade  of  ftom  350  to  400  feet  above  the  river,  here  it 
is  below  150  feet.  Still,  its  freedom  from  northern  erratics  woold  seem 
to  indicate  its  pre-Glacial  deposition.  Moreover,  it  has  less  altitnde 
than  the  Cretaceous  rocks  in  this  same  terrace  farther  west,  and  the 
red  clay  at  this  point  seems  to  correspond  to  that  at  Greenwood,  both 
in  altitude  and  in  time  of  deposition.  On  the  whole,  therefore,  it  seems 
not  improbable  that  the  sand  was  deposited  by  the  Niobrara,  possibly 
in  Lake  Cheyenne,  before  the  advent  of  the  drift. 

At  Yermition  a  combined  section  is  as  follows: 

Swtion  at  VarmUitM,  Sotitk  Dah>ta, 

LoeM-like  Hit,  stTfttieulate 16-20 

Till,  eroded  on  top,  yellow  and  compact  altove,  and  composed  of  inepilar 

pat«bea  of  gravel,  sand.  Hid  red  and  blue  till  below 40-€0 

Unexposed 20 

Level  of  the  river. 

This  composition  may  be  referred  to  material  bronght  down  by  the 
Yermiliou  Bivei*,  at  first  laden  with  ice  blocks,  or  in  part  to  the  direct 
action  of  the  extension  of  the  Yermiliou  lobe  of  the  ice  sheet.  On 
either  supposition  a  deep  preglacial  valley  at  this  point  mast  he 
postulated! 
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Three  miles  aoutheast  of  Blair  the  strnotnre  of  the  terrace  la  floely 
exposed  in  a  aamber  of  deep  ravinea  which  cnt  through  two-thirds  of 
its  height.  They  show  nothing  bat  rearranged  loeea,  with  an  occa- 
sional thin  streak  of  gravel  in  its  lower  portion.  A  similar  composi- 
tion is  evidently  tme  of  the  terrace  at  Fort  Oalhoan  and  also  at  Bello- 
vne,  except  that  its  base  is  occupied  by  Carboniferons  limestone.  In 
each  case  the  composition  is  referred  to  the  nnmerons  high  loess  bluffs 
in  the  close  vicinity  and  along  the  river  above,  with  comparative 
absence  of  drift. 

The  terraces  along  the  Platte  and  Elkhorn  have  apparently  very 
□niform  atractare,  which  cousiata  first  of  eilt,  then  of  fine  sand,  passing 
below  into  fine  sand  and  gravel.  The  evidence  from  deep  driven  wells 
shows  that  below  the  first  gravel  is  a  thick  continaous  layer  of  clay, 
below  which  ia  another  heavy  deposit  of  gravel.  These  lower  layers 
extend  underneath  the  whole  valley  so  for  as  is  known.  Korthwest  of 
Fremont  an  exposure  showed  as  follows : 

.^2""*"  RorlkwMt  of  Trtmmt,  ^afrnulo. 

FMt. 

LooM-lIkDBUt 30-40 

FiDBsand 30-40 

Unexpoood 20 

Level  of  bottom  laod,  whlob  1b  probftbly  10  to  20  feet  above  the  level  of  tbe  river. 

North  of  North  Bend  was  foaud  from  5  to  15  feet  of  silt,  according  to 
the  ondolations  of  the  aarface,  and  sand  rising  f^m  75  to  80  feet 
above  the  river.  The  upper  surface  of  the  terrace  shows  gouges  and 
imperfect  channels,  as  if  formed  by  strong  currents. 

From  the  foregoing  presentation,  particularly  if  reference  is  made  to 
the  table  on  a  sabseqnent  page,  it  appears  that,  above  the  narrows 
above  Wheeler,  there  are  two  series  of  terraces  mentioned  nnder 
this  head,  one  100  to  150  feet  above  the  other)  also,  that  they  come 
together  below  Wheeler.  That  they  do  not  mark  stages  of  the  river  as 
widely  separated  as  their  altitudes  might  seem  to  indicate  may  be 
Inferred  from  the  following  considerations :  The  lower  seems  in  places 
to  be  continaous  with  tbe  bottom  of  old  chanaels,  aa  that  of  Bed  Lake, 
and  east  of  Ancient  Island,  aa  though  it  oorreaponded  to  the  bottom  of 
a  atream,  while  the  upper  series  seems  to  slope  gradually  up  into  tbe 
surrounding  oouutry,  as  though  it  might  mark  the  margin  or  flood  plain 
of  the  ancient  stream. 

HIQHEB  BOWLDEBT  TBBBACEB. 

These  are  the  least  easily  recognized  of  all.  This  ia  not  surprising 
when  we  remember  that  they  are  mnch  the  most  ancient.  Their  high 
elevation,  together  with  the  unnaaally  loose  character  of  the  strata 
opon  which  they  rest,  lead  to  the  same  resalt  Moreover,  if  the  river 
was  largely  lacustrine  when  they  were  formed,  as  we  are  disposed  to 
believe,  its  existence  will  only  occasionally  be  evidenced  by  deposits 
adjacent  to  the  present  atream.    They  may  have  tbe  various  forms  of 
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beacli  or  bar  and  delta  oa  well  as  river  terrace,  according  to  circnm- 
Btaoces.  Little  time  Iiaa  been  given  to  their  stady,  and  the  few  obser- 
vations incidentally  made  are  glren  for  what  they  may  be  worth. 

Near  the  sammit  of  the  high  hill  aoath  of  the  Bed  Lake  Outlet,  on 
the  side  next  to  the  Hissoari,  grarelly  deposits  were  noticed  at  tbe 
altitade  of  a  little  more  than  426  feet,  which  may  be  corre1at«d  with 
th«  higher  portion  of  the  graveily  plaiu  jast  mentioned.  Along  Snake 
Greek,  near  its  month,  an  exteoaive  sloping  terrace  is  found,  with  ita 
osaal  bowldery  gravel  covered  with  silt  and  rising  330  to  417  feet  above 
the  river.  Besides  these  in  the  Bed  Lake  region,  we  have  nothing  to 
suggest  a  terrace  deposit  below  the  trace  of  a  water  level  around  the 
Bijon  Hills  and  the  bowldery  and  gravel-topped  hills  5  or  6  miles 
southwest  of  the  mouth  of  White  Biver,  which  are  believed  to  mark 
the  highest  reach  of  the  Missouri  since  its  beginning. 

Five  or  6  miles  east  of  Wheeler  the  outer  face  of  the  moraine  shows, 
at  the  different  points,  the  gravelly  edge  of  a  terrace  at  an  altitude  of 
over  400  feet.  At  Fort  Bandall,  on  the  south  side  of  the  river,  is  a 
well-defloed  terrace,  with  its  inner  edge  having  an  altitade  of  415  feet 
I^ortheafit  of  Fort  BandfUl,  near  the  moraine,  is  a  similar  well-defined 
edge  of  a  terrace  420  feet  above  the  river,  which  slopes  gently  up  to 
460  feet.  On  the  north  side  of  the  river  northeast  of  Greenwood  the 
surface  is  too  low  to  exhibit  any  trace  of  a  water  line  at  this  level. 
Opposite  the  mouth  of  tbe  Niobrara  the  outer  sar&ioe  of  the  hill  which 
forms  a  fragment  of  the  moraine  shows,  a  little  below  the  snmniit, 
abandant  gravel  and  sand  at  an  altitude  of  about  400  feet  above  the 
river. 

Between  tbe  Niobrara  and  Bazile  Greek  and  along  the  Missouri  east 
of  the  Bazile  is  found  a  wonderful  development  of  gravel  capping  the 
older  deposits  in  a  terrace-like  form  at  an  altitude  of  41.')  to  475  feet 
above  the  river  (PL  XXI).  It  is  observed  to  extend  several  miles 
sonth,  and,  as  has  been  described  under  the  head  of  the  loess  region, 
there  is  abandant  evidence  to  show  that  this  gravel  formation  extends 
auderueath  the  loess  indefinitely.  It  may  not  be  called  a  terrace,  yet 
the  gravel  exposed  along  the  north  edge  of  the  loess,  between  it  and 
the  fine  sand  below,  seems  probably  to  belong  for  the  most  part  or 
entirely  to  the  same  formation  as  the  terrace  described.  Toward  the 
east  side  of  the  Santee  Beservatiou  the  gravel  seems  to  have  been  sep- 
arated into  an  upper  and  a  lower  member.  The  lower  portion  extends 
like  an  eroded  terrace  at  the  height  of  390  feet.  We  have  provision- 
ally ascribed  this  phenomenon,  on  another  page,  to  undermining.  It 
will  be  remembered  that  this  gravelly  drift  extends,  with  decliuing  ele 
vation,  nearly  to  Dixon  Gonnty.  So  far  as  has  yet  been  discovered  no 
trace  of  terrace  at  a  corresponding  altitude  has  been  noticed  below 
that  point.  It  corresponds  in  elevation  with  gravel  beds  observed 
several  miles  tip  the  Niobrara  and  with  another  near  Plainview, 
Nebraska.    Both  of  these  show  only  western  gravel. 
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Ir  IndloBUa  the 

right  lnnk,.iidltb 

elsft.] 

Looallt;. 

LowBr  bowl- 
der t.r»«.. 

Higher  bowl, 
dory  temcu. 

F-l. 

10,18,30-70, 

90-100 

90-100 

15, 110-150 

8-10,80-70 

15-80,50-80, 

120-126 

75-80 

a  70-80 

10,20-1(^60-70 

F-t. 
335 

FtM. 

Eaat  Of  thB  Great  Bend  r 

200-250,320 
326 
336 

200,350 
315-320 

Two  miles  fthove  Chambarlainr. 

Three  inilei  aonth  of  Chamber- 

North  of  American  Crow  Creek  r. 

300,300 

300 

250 

a200 

90-175 

Above  month  of  White  River  r. . 
South  of  month  of  White  RiTerr. 

•  60 
a  10 



350-400  510 
450-460 

West  of  Brick  Kiln  Butter 

16,3(^*0 

590 

15-20,65-75 

10,20,60-150 

90-126 

46,85 

;,9-18,46,85-106 

40-75 

alO,S 

16,30,40-45 

Near  month  of  Snake  Creek  1. .. . 
Near  month  of  Pratt  Creekl .... 

330 
300-350 
200-250 
0  135-1TC 

417 

Fonr  miles  east  of  Wheeler  I ... . 

410-430 
360 

415 

1^190 
18(1-240 

soo-aso 

200 
180-210 

120-140 
80-100 
90-110 
«100 
60-70 

aiOO 

416-460 
460-475 

5,10,20 

10,30 

10,25,70 

10-16, 2&-26 

10-20 

a  10 

alO,30 

aBtllmMed. 
The  different  levels  under  the  head  of  "lower  bowldeiy  terraces"  prob- 
ably do  not  mark  two  stages  of  the  Missouri,  widely  separated,  as  might 
be  inferred,  for  the  apper  one  appears  to  have  been  marking  geDerally 
the  sarface  or  flood  plain  of  the  river,  while  the  lower  in  many  cases  eeems 
from  its  conflgaration  in  some  places  to  record  the  bottom  of  the  stream. 
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TERRACES  ALONG  THE  BIG  SIOUX. 

As  the  Big  Sionx  is  the  coanterpart  of  the  MiBsouri  in  its  relation  to 
the  moraine,  ho  we  should  reasonably  expect  a  system  of  terracee  along 
it  reaembling  that  already  described  along  the  Missonri  From  its  lower 
altitnde,  more  open  valley,  and  less  volame  of  water,  we  a^  prepared 
to  anticipate  lower  floods  and  less  corrosion,  and  consequently  less  dif- 
ference in  altitude  between  the  terraces.  Another  impcn-tant  circum- 
Btance  acting  in  the  same  direction  is  found  in  the  greater  hardness  of 
rocks  over  which  it  flows.  Bnt  without  anticipating  too  mach,  we  will 
proceed  to  examine  the  few  traces  of  terraces  which  have  been  noted. 
It  shonld  also  be  acknowledged  that  the  examination  of  this  stream 
has  not  been  so  complete  as  in  the  case  of  the  MiBsonri. 

Above  Sioaz  Falls  the  depth  of  the  immediate  valley  of  the  Big  Sionx 
is  ftom  80  to  100  feet  below  the  ac^oining  hills.  Its  sides  are  less  abr  apt, 
and  the  whole  appearance  is  that  of  a  8t3«am  in  its  middle  coarse. 
Tbia  may  be  explained  by  the  check  given  to  its  erosion  by  the  ledge 
of  Sioox  Falls  and  higher  up  by  the  rock  at  Dell  Rapids. 

BILT  AND  LOWEB  BOWLDEBY  TBBBAOEB. 

At  Bgan,  besides  the  Immediate  flood  plain,  which  is  qaite  low,  is  a 
terrace  along  the  north  side  of  the  valley  with  its  inner  edge  about  30 
feet  above  the  stream.  About  a  mile  and  a  half  northeast  of  Egan,  in 
the  edge  of  a  gravelly  terrace,  the  following  section  was  noticed,  begin- 
ning 30  feet  above  the  river : 

5MM0II  norOeatt  af  Egan,  Soulh  Dakota. 

Teal. 

Soil H 

Loeea-Iike  olay,  with  bihbII  pebblei  ftnd  chalky  paiata t 

Roughly  md  Indiatiiiotly  ab^fttlfled  gravel,  Its  upper  half  cUy«y,  yellowiih  tint; 

lower,  more  sandy 7i 

Coane  sand,  with  Hcattored  pelibl«a,  obliqaely  atratifled,  Id  eight  layer*  fhtm  1  tu 

Sinohet  In  thickneos 5^ 

At  Sioux  Falls,  as  has  been  before  stated,  there  is  a  very  graveUy 
terrace  extending  from  near  the  top  of  the  falJe  down  the  river  to  the 
vicinity  of  Brandon,  which  is  shown  by  railroad  levels  to  be  about  SO 
feet  above  the  stream  at  that  point.  A  little  below  the  month  of  Split 
Bock  River  the  elevation  of  the  wide  bottom  along  the  east  side  of  the 
Big  Sioux  is  from  36  to  50  fbet  above  the  stream.  Its  altitade  here  is 
possibly  due  to  ledges  of  red  qnartzite  exposed  a  short  distance  below. 
At  Eroger's  mill,  about  6  miles  northeast  of  Canton,  the  terrace  lies  on 
both  sides,  but  best  developed  on  the  east  aide,  about  60  feet  above  the 
stream,  and  presents  au  interesting  deposit  of  sand  and  gravel  in  its 
upper  portion.  The  gravel  presents  the  flow-and-plunge  structure,  and 
through  it  a  feult  was  noted  of  a  few  inches  throw  extending  vertically. 
At  Canton  several  alluvial  twraoe  edges  are  shown  along  the  sides  of 
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the  vallAy.  There  are  but  two,  however,  that  are  clearly  diatinct; 
the  first  is  from  10  to  20  feet  above  the  atream,  the  seoond  about  40 
feet.  The  edge  of  the  plain  northwest  showa  a  terrace  edge,  nsaally 
with  much  gravel  at  exposed  points.  This  ia  about  125  feet  above  the 
Btream. 

In  the  Darrow  portion  of  the  valley  between  Beloit  and  Fairview 
(PI.  XXII)  is  found  a  very  intereating  terrace  of  nnnsaally  bowldery 
character,  which  seems  to  correspond  with  the  plain  northwest  and 
jnst  north  of  the  north  end  of  the  moraine,  which  occnpies  Highland 
Township.  This  plain,  it  wilt  be  remembered,  coireaponds  in  height 
with,  or  is  a  condnnation  of,  the  plain  west  of  Ouiton,  npon  which 
Worthing  and  Lenox  are  situated.  This  terrace,  2  miles  northwest  of 
Fairview,  is  about  90  feet  above  the  stream,  and  preaents  a  furrowed 
appearance,  aa  though  eroded  by  atreams  flowing  in  the  same  direction 
as  the  present  stream.  These  f^rows  and  low  places  correspond  with 
a  second  terrace,  which  ia  aboat  45  feet  above  the  river.  Opposite 
Fairview  the  whole  surface  has  declined  to  that  altitude.  Back  of 
Fairview  a  foint  terrace  edge  was  noticed  at  a  height  of  60  feet, 
l^ortheast  of  Austin  this  same  high  terrace  is  traced,  presenting  simi- 
lar characters,  at  an  altitude  of  60  to  75  feet  above  the  stream.  Jnst 
north  of  Hudson,  on  the  west  aide  of  the  Big  Sioux,  ia  a  gravelly  ter- 
race utilized  by  the  railroad  company  as  a  gravel  bed.  Its  upper  sur- 
face is  about  60  feet  above  the  stream.  The  surfoce  of  this  terrace 
appears  to  decline  rapidly  toward  the  south.  It  is  not  diflQcult  to 
corrdate  this  aeries  of  terraces  with  the  lower  bowldery  terraces  along 
the  Missouri.  A  well-developed  gravelly  terrace  ia  found  on  the  aouth 
side  of  the  valley  above  Lake  Madison,  rising  about  SO  feet  above  the 
lake,  and  along  east  of  Skonk  Greek,  southwest  of  Dell  Rapids,  a  ter- 
race, apparently  of  silt,  rises  to  the  height  of  40  fyet. 

HIQHBB  BOWIJ>EBT  TBBBAOEB. 

The  first  and  most  remarkable  examples  of  these  are  the  high  gravd 
hills  northeastof  Sionx  Falls  which,  as  was  stated  on  a  preceding  page, 
riae  about  210  feet  above  the  stream.  Near  Kragor's  mill,  it  will  be 
remembered,  there  is  a  high  terrace,  with  its  inner  edge  about  160  feet 
in  height,  while  farther  south  an  exposure  showed  a  stratified  stmctnre 
like  that  of  a  terrace  at  the  height  of  108  feet,  and  a  gravelly  line  at  a 
height  of  180  feet.  West  of  the  stream  a  very  bowldery  edge,  like  that 
of  a  terrace,  was  noticed  at  a  height  of  120  feet,  which  ia  a  little  above 
the  plain  west.  Bast  of  Canton  the  gravelly  deposits  shown  in  rail- 
road cuts  extended  from  about  100  to  175  feet  above  the  stream.  ]S'ortli 
of  Fairview,  and  also  east  of  the  same  place,  a  gravelly  edge  appears 
on  the  side  of  the  blnfTs  at  the  height  of  from  200  to  220  feet.  West  of 
Calliope  the  hilltops,  which  are  doabtfiilly  referred  to  a  terrace,  are 
about  125  ftot  above  the  stream. 
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TERRACES  ALONG  OTHER  STREAMS. 

There  are  few  other  Btreams  in  the  field  nnder  consideration  whicli 
are  outside  of  tbe  moraine.  Those  of  this  class  in  Iowa  have  not  been 
studied  Tith  care,  bnt  most  of  them  bhow  high  terraces  of  silt — second 
bottoms,  as  they  are  popularly  called — which  often  serve  as  favorable 
locations  for  towns. 

Striking  examples  of  prominent  terraces  corresponding  to  those  along 
the  Platte  and  the  Missouri  below  Sioux  City  have  been  noted  along 
the  Boyer  at  Dnnlap  and  Logan,  the  Nishnabotany  at  Harlan  anil 
Atlantic,  the  Little  Bionx  at  Cherokee,  etc 

PRESENT  SLOPES  OP  THE  MISSOURI  AND  BIO  SIOUX. 

From  railroad  levels  and  the  Government  survey  of  the  Missonri  we 
obtain  the  following: 

L<m-waltr  »lopet  of  the  MUtouri  and  tft«  Big  Stonx. 
MlHOnrl:  MKt  par  mils. 

Pi«iT«  to  Chamberlain O.ffT 

Chambsrlain  to  Niobrftra 93 

Niobnn  to  Y&nhtoii L03 

Yknktoa  to  Sioux  City 90 

Sions  City  to  Blair 87 

Blair  to  Omaha 81 

Omaha  to  Plattamontb 71 

Plattsmontb  to  NebrMka  City 1.06 

Big  Bioai: 

Flfuidr«aa  to  Dell  Rapida 2.26 

Dell  RapldB  to  Sionx  FbIIh 3.46 

Brandon  to  Hawarden 2,K 

Hawarden  to  Sionx  City 1.00 

AGE  OF  THE  TERRACES. 

If  we  accept  the  prevalent  view  that  the  outer  moraine  mfwks  the 
maximum  extent  of  the  ice  in  the  second  Glacial  epoch  and  that  the 
formations  outside  belong  to  an  earlier  epoch,  it  readily  follows  that 
what  we  have  grouped  nnder  the  head  of  "lower  bowldery  terraces'' 
belong  to  the  later  time.  Their  fresh  contour  and  their  relation  to  the 
loess  and  extra  morainic  drift  all  harmonize  with  this  view.  Looking 
farther,  the  twofold  grouping  of  these  terraces  would  correspond  well 
to  the  outer  and  second  moraines.  The  lower  terraces  would  as  easily 
be  referred  to  the  times  of  the  third,  fourth,  and  later  moraines.  Their 
eilty  character  would  result  from  their  remoteness  from  the  glaciers, 
much  as  is  found  to  be  tme  of  the  higher  terraces  below  Sionx  City, 
when  the  river  had  left  the  vicinity  of  the  ice  during  its  earlier  and 
greater  extension. 

The  higher  bowldery  terraces,  according  to  the  scheme  adopted,  wonld 
be  referred  to  a  time  preceding  the  loess,  probably  the  first  snbepoch 
of  tbe  earlier  e^xwh. 
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More  carefbl  Btady  of  the  terraces,  especially  after  artificial  exposares 
have  been  multiplied  by  the  settlement  of  the  coantry ,  promises  to  be 
one  of  the  most  interesting  and  instmctive  fields  in  Pleistocene  geology. 
-  The  above  is  only  a  beginning  of  what  may  be  done, 

DIAGRAM  OP  THE  TROUGH  OP  THE  MISSOURI. 

We  have  subjoined  a  diagram  (PL  XXIII)  showing  graphically  the 
slope,  width,  depth,  terraces,  etc.,  of  the  trough  of  the  Miasoori  Biver 
from  Pierre  to  Nebraska  City.  Its  data  are  derived  irom  the  reports  of 
the  Missouri  Biver  Commission,  railroad  levels,  and  personal  obser- 
vations. Two  things  of  interest  are  B]>ecially  notable:  One,  the  difTer- 
ence  in  width  above  Yankton  as  compared  with  the  portion  below  that 
point;  the  other,  the  close  correspondence  between  the  width  of  the 
trough  and  the  softness  of  the  geological  strata  corraded.  The  remark- 
able width  of  the  trongh  fcom  Sionz  City  to  Blair  is  probably  largely 
due  to  the  assistance  of  escaping  artesian  waters  from  the  Dakota 
formation. 

A  similar  diagram,  somewhat  abridged,  showing  similar  facts  for  the 
Missouri  below  Nebraska  City,  may  be  found  in  Be^mrt  of  Missouri 
Geological  Survey,  VoL  X,  1896,  p.  188. 

WESTWARD  ELEVATION  OP  THE  REGION. 

We  have  referred  sev^al  times  to  a  possible  recent  westward  eleva- 
tion of  the  region  under  consideration.  We  will  now  consider  facte 
which  bear  upon  its  amount,  extent,  and  age.  These  will  be  of  value, 
even  if  not  found  decisive. 

Along  the  line  between  Mitchell  and  Chamberlain  the  slope  of  the 
surface,  where  it  is  unaffected  by  local  erosion,  descends  toward  the 
east  about  10  feet  to  the  mile.  This  we  may  refer  partly  to  the  action 
of  the  ice  sheet;  but  comparing  it  with  the  opposite  side  of  the  valley 
there  is  left  a  considerable  amount  to  be  explained  by  some  other  cause 
than  the  erosion  of  Uie  ice.  Farther  south  we  find  the  same  slope  pre- 
vailing between  Pratt  Creek  and  the  James  Biver.  We  even  find  that 
the  plain  between  the  Big  Bionx  and  the  Vermilion  east  of  Parker  is 
50  to  75  feet  lower  than  the  plain  between  the  West  Vermilion  and 
Wolf  Creek  west  of  that  place.  The  determination  of  the  prevalent 
slope  forther  sonth  in  Dakota  is  rendered  difficult  by  the  occurrence  of 
interlobular  imrtions  of  the  moraine.  If  we  refer  to  the  teble  of  ele- 
vations along  the  moraine  given  in  onr  first  chapter  we  find  them  har- 
monizing with  the  idea  of  a  considerable  westward  elevation. 

Passing  now  into  Nebraska  we  find,  it  will  be  remembered,  the  sur- 
face composed  mostly  of  loess,  which  in  its  westward  portion  presente 
a  clearly  defined  and  quite  recognizable  plateau.  Upon  this  we  may 
take  a  number  of  elevations  which  will  indicate  very  satisfactorily  the 
general  slope  of  the  country.  Farther  east,  with  a  little  care,  the  orig- 
inal or  prevalent  level  of  the  loess  may  be  determined  ftom  the  few 
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isolated  remotuits  which  appear  to  be  the  original  snrface.  The  fol- 
lowing table  preaents  the  results  of  such  determinations  alonfr  lines 
extending  east  and  west.  The  figores  may  be  more  relied  npon  in  the 
western  portion  of  the  field  beeaose  more  closely  connected  with  rail- 
road elevations.  In  the  eastern  portion,  though  largely  barometric,  it 
is  believed  that  they  have  need  of  only  slight  correction. 

Slope  in  «<utsm  ^«&ra«fca. 


Kimball  to  Mitchell , 

Northside  to  CmerBon,  Nebroakk 

Oakdftle  to  Wisner  (Elkhonk  VoUey).. 

HniDphreys  to  Bl»lr 

Plfttte  Center  to  Maplevillo 

Maplevillo  to  Blaii 

ColnmbuB  to  Fremont  (Platte  Valley), 

Anror*  to  Utica 

HtutingB  to  Dorchester 

Patterson  to  Sheldon,  Iowa 

Akron  to  Marcna,  Iowa 

Sontfa  of  Hilladale  to  CTsaton 


I 


From  this  we  learn:  (1)  That  the  James  Talley  and  the  MiBSoari 
below  their  janctiou  mark  approximately  the  axis  west  of  which  the 
western  elevation  is  moch  more  marked,  averaging  about  6  feet  per 
mile.  (2)  That  the  slope  east  of  that  line  is  very  slight,  if  anything. 
It  amounts  to  about  1  fbot  per  mile  in  northern  Iowa,  and  may  possi- 
bly be  found  to  be  less,  for  our  observations  are  quite  limited.  Another 
reason  for  doubt  lies  in  the  fact  that  the  elevation  of  the  eastern  edge 
of  the  loess  has  not  been  definitely  determined,  but  it  can  not  vary 
greatly  from  the  figures  given.  (3)  That  the  slope  diminishes  rapidly 
as  it  approaches  tho  Missouri  in  eastern  Nebraska,  as  is  indicated  by 
the  slope  between  Sfaplevllle  and  Blair. 

A  geueral  view  of  the  change  of  slope  indicates  that  its  axis  follows 
approximately  the  boundary  between  the  Cretaceous  rocks  and  the 
older  rooks.  The  Arcbean  qaartzites  of  Dakota  seem  to  have  been 
least  afi'ectad.  This  axis,  which  is  the  eastern  limit  of  the  steeper  west- 
ward acclivity  north  of  our  field,  continues  apparently  up  the  James 
Uiver  through  Brown  Oonnty  and  then  curving  eastward  aronnd  the 
head  of  Goteaa  des  Prairies,  extends  into  the  valley  of  the  Bed  Biver, 

Date. — ^1.  The  relations  of  the  drift  to  the  volcanic  ash  stratum  is 
eastern  Nebraska  and  to  the  lacustrine  beds  in  Mills  County,  Iowa,  to 
say  nothing  of  less  definite  beds  pointing  in  the  same  directioo,  iudi- 
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cate  that  darings  the  Plioceoe  and  on  into  the  Glacial  epoch  the  western 
elevation  had  not  begun  to  affect  materially  the  ilope  of  the  region 
nnder  consideration.  Farther  west  it  may  bave  coQBiderably  advanced 
before  the  advent  of  the  ice. 

2.  The  poBition  of  the  ice  Bheet  daring  the  oocapation  of  (he  princi- 
pal moraine  indicates  little,  if  any,  relative  elevation  toward  the  west. 
The  westward  pashing  of  the  ice  Boath  of  the  Wesaington  Hills  is  dif- 
flenlt  to  explain  if  the  slope  of  the  land  was  as  great  as  at  present. 
The  existence  of  the  glacial  lake  aroand  the  Bijon  HilU  and  above  is 
more  easily  understood  if  the  land  was  at  a  lower  level  than  at  present 
liTevertheleas,  it  is  not  fatal  to  the  hypothesis  to  suppose  the  relative 
elevation  to  have  been  as  great  then  as  now, 

3.  The  deposition  of  the  loess,  which  we  have  conceived  to  be  a  flavio- 
lacnatrine  formation,  iavors  also  a  gentler  slope  than  the  present  The 
force  of  this  argument  would  be  somewhat  weakened  if  it  could  be  sat- 
isfactorily shown  that  the  deposition  of  similarly  fine  material  is  con- 
sistent with  considerable  velocity  in  the  depositing  waters.  We  might 
then  perhaps  ooncelve  the  western  portion  of  the  loess  to  consist  of  the 
gigantic  "alluvial  fans"  of  the  Niobrara,  Elkhom,  and  Platte,  formed 
largely  under  snbaerial  conditions.  Moreover,  with  an  overloading  of 
silt  this  would  be  more  conceivable. 

4.  The  deflection  of  the  ice  toward  the  east  during  the  formation  of 
the  second  moraine,  together  with  the  change  of  drainage  about  White 
Lake  and  Lake  Andes,  t<hough  perhaps  not  demanding,  stroogly  favors 
the  conclusion  that  the  elevation  had  at  that  time  become  perceptible. 

5.  It  will  be  noticed  that  the  relation  of  the  high  terrace  of  the  Platte 
River  to  the  higher  land  in  the  vicinity  of  Fremont,  Nebraska,  snggests 
that  the  desertion  of  the  old  channel  across  Baanders  County  may  have 
been  due  to  its  cutting  through  the  divide  which  formerly  separated 
the  Platto  from  the  Elkhom,  and  that  this  was  subsequent  to  the  forma- 
tion of  the  terrace.  If  the  terrace  was,  as  we  have  supposed,  contem- 
jwraneons  with  the  outer  moraine,  and  the  cutting  through  at  Fremont 
was  the  result  of  an  increased  ^ope  of  the  river,  it  follows  that  the 
elevation  was  still  in  progress  after  the  occupation  of  that  moraine,  and 
may  have  continued  indefinitely. 

6.  Another  feature  of  the  terraces  points  to  the  same  general  conclu- 
sion. Along  the  Missouri  Biver  between  Monona  Oonnty,  Iowa,  and  the 
southern  line  of  the  Stote,  there  are  no  high  terraces  of  importance  on 
the  east  side  of  its  present  valley.  There  are  a  few  points  where  the 
terraces  along  its  eastern  tributaries  appear,  but  they  do  not  project 
beyond  the  trend  of  the  present  hlnfih.  Along  its  western  side,  on  the 
contrary,  as  we  have  already  noticed,  there  are  extensive  terraces  60 
to  100  feet  high,  found  between  Tekamah  and  Calhonn,  between  Flor- 
ence and  Omaha,  and  between  Bellevne  and  the  month  of  the  FapU- 
lion,  BO  also  near  the  mouth  of  the  Weeping  Water,  If  no  tilting  had 
occorred,  the  converse  should  he  b-ue,  for  the  role  that  the  streams  in 
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tbe  northern  hemisphere  erode  more  rapidly  the  right  side  of  thai 

valleys  baa  few  exoeptions.  

Whether  the  upward  moTemeot  oontinnes  to  the  present  is  anoertaii 
The  slight  slope  of  the  Missouri  from  Chamberlain  to  Sioux  City  woul 
seem  to  favor  the  idea  that  aach  is  not  the  case,  and  yet  the  corraeid 
of  the  stream  may  possibly  keep  pace  with  the  slow  elevation  whitf 
may  still  continae.  That  river  is  so  laden  with  sand  that  the  deepei 
lag  of  its  real  bed  may  be  so  masked  as  to  be  nudiscoverable.  Consi^  ~ 
erable  light  npon  this  subject  in  general  may  be  derived  fi'om  the  ge^ 
"eral  sections.    Pis.  XXIV  and  XXV.  I 


NORTHWARD  ELBVATION  OF  THE  REGION.  L 

In  oar  tables  of  elevation  marking  the  general  level  of  the  loe^*^ 
there  appeared  a  marked  slope  to  the  south.    This  is  broogbtout  ver;     „ 
distinctly  in  the  list  of  elevations,  which  i?  arranged  for  the  most  pai  ^ 
along  north-south  lines.     While  this  feature  is  most  clearly  indicate! 
in  Nebraska,  it  appears  also  in  less  degree  in  western  Iowa,  also  ii 
the  valley  of  the  Big  Sioax  above  Sioux  Falls,  and  in  the  soathen  — 
portion  of  the  region  within  the  principal  moraine.    The  followinj 
table  will  illustrate  and  impress  these  poiui^: 


Flainview  to  Hmnpbreys,  Nabraoka 

Osceola  to  Fsiimonnt,  Nebraaka 

Plain  view  to  Fairmonnt,  Nebrasla ... 

gontfaweat  of  Coleridge  to  Northside,  Mebraska 

David  City  to  Dorchester,  Nebraska 

Coleridge  to  DoTcheatei,  Nebtaaka 

Blair  to  Lonievi  lie,  Nebtaaka 

I^niaville  to  Tnrlington,  Nebraska 

Blair  to  Torlrngton,  Nebraska 

Sibley  to  HarcDS,Ioira 

Marcus  to  Hillsdale,  Iowa 

Sionx  City  to  California  JnnotlOD  (MiSBonri  Valley) . . 

Misraari  VaUey  to  East  Nebraska  City 

WeDtfforlh  to  Taopt,  Soatb  Dakota 

Taopi  to  Hartford,  South  Dakota 

Wentwortli  to  Hortfbrd,  Soatb  Dakota 

A  irlie,  Minnesota,  to  Laiehwood,  Iowa 

Lenox  to  Vermilion,  South  Dakota > 

Plonkinton  to  Orandview,  South  Dakota 


/v, 


1 
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Varmilion  Hivtr 
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The  localities  in  the  above  table  stand  for  the  npland  in  their  vicinity. 
Farther  information  is  afforded  by  the  general  sections,  PL  XXV. 

From  a  study  of  this  table  we  come  to  the  following  general  concln- 
sions:  The  region  outside  of  the  principal  moraine  has  nuiformly  a 
general  slope  toward  the  sooth.  lu  the  loess  region  tbis  averages  on 
the  long  slopes  firom  1.3  to  2.6  feet  per  mile.  In  the  Cotean  des  Prairies 
region  it  is  from  4  to  6  feet  per  mile.  Between  the  outer  and  the  second 
moraines  there  exists  on  the  east  a  slope  of  3.5  feet  to  the  mile,  bnt 
west  of  the  James  there  is  a  rise  southward  of  from  1  to  1.5  feet  per  mile 
from  the  Hue  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway.  This 
irregnlarity  may  be  connected  with  a  slight  increase  of  elevation  of  the 
loess  anmmita  from  the  vicinity  of  the  Missouri  south  to  the  sonthern 
borders  of  Knox  and  Cedar  counties,  and  be  made  to  argue  for  the 
recent  anticline,  with  its  axis  running  east  and  west,  near  the  Kiobrara. 
Gen.  G.  K.  Warren  arrived  at  a  similar  conclusion  from  independent 
data  noted  farther  west.'  This  hypothesis  may  help  to  relieve  two 
other  difflcnities  of  some  weight — the  absence  of  the  loess  along  the 
Missouri  north  of  the  Niobrara  at  levels  below  its  summit  in  Enox 
County,  Nebraska,  and  the  difference  in  elevation  of  the  lower  bowldeiy 
terrace  at  Running  Water  and  Vermilion,  Dakota. 

An  examination  of  the  James  River  Valley  brings  ont  the  remarka- 
ble f^t  that  within  the  second  moraine  the  general  level  of  the  valley 
is  exactly  horizontal  in  a  north-sonth  direction.  From  the  vicinity 
of  Mitchell  to  Columbia  and  beyond,  for  more  than  140  miles,  the  varia- 
tion in'  altitude  according  to  railroad  elevations  (notice  especially  those 
of  the  Chicago,  Milwaukee  and  St.  Paul  Railway)  is  scarcely  10  feet. 
Letcher,  Diana,  Cavonr,  Redfleld,  Ashton,  Aberdeen,  Groton,  and 
Columbia  are  all  above  the  plain  which  we  have  named  for  convenience 
Lake  Dakota. 

Date. — From  the  steep  slope  of  the  drift  plain  of  the  Coteau  des 
Praines  of  the  upper  Big  Sioux,  we  infer  the  exist«nce  of  a  northern 
elevation  before  the  loess  epoch.  Quite  probably,  however,  that  greater 
slope  is  to  be  referred  to  a  considerable  elevation  since  that  time. 
Being  between  the  Dakota  and  Minnesota  lobes,  it  would  be  naturally 
depressed  more  than  lower  latitudes,  and  when  the  ice  was  removed 
its  resilience  wonld  be  correspondingly  energetic. 

The  generally  distinct  and  continuous  slope  of  the  region  to  the 
south,  wherever  the  loess  has  been  deposited,  is  no  more  than  a  fluvio- 
lacustrine  theory  of  the  loess  would  explain  without  perceptible  crustal 
movement.  This  northward  slope  for  the  most  part  was  quit«  regular. 
We  have  noted  the  most  apparent  exception,  concerning  which  we 
need  add  no  more  at  present 

From  the  perfect  horizontality  of  the  general  snrface  within  the  sec- 
ond moraine,  which,  although  of  lacustrine  origin,  seems  to  be  contin- 
noDS  with  the  snrronnding  till,  we  conclude  that  the  elevation  must 
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have  ceased  for  sonthem  Dakota  by  tbe  time  the  Ice  had  reoeded  to 
the  third  moraine;  and  we  have  found  no  evidence  that  this  elevation 
haa  continued  in  any  other  portion  of  onr  field. 

AGE  OP   THE   TROUGH   OF   THE   MISSOURI. 

In  regions  north  of  the  field  covered  by  this  paper  evidence  la  espe- 
cially Btrou^  that  the  conrses  of  such  streams  as  the  Cheyenne  and 
Grand  rivers  were  formerly  eastward  to  the  valley  now  occupied  by  tbe 
James  River,  This  is  derived  mainly  ftom  tbe  movements  of  the  ice 
sheet,  tbe  traces  of  old  divides,  and  the  narrow  character  of  the  troagfa 
of  the  Missooii  tbrongh  this  region.  For  fnller  treatment  of  this  topic, 
see  a  paper  by  the  writer  in  tbe  Proceedings  of  the  American  Asaocia- 
tion  for  the  Advancement  of  Science  for  1881. 

There  is  evidence,  also,  in  the  region  under  consideration  which  indi- 
cates that  the  channel  of  the  Missouri  above  ITiobru'a  is  of  recent 
origin.  The  White  River  has  a  channel  rivaling  or  even  anrpassing 
the  Uissouri  in  breadth  if  we  consider  Jt«  broad  ancient  valley  300  feet 
above  the  present  one.  There  is  no  valley  through  the  Bijou  Range  of 
bQttes  which  corresponds  to  it  in  size.  The  Bijon  Range  itself  seems 
to  be  an  old  watershed  or  remnant  of  Tertiary  rocks  which  extends 
between  the  basins  of  the  White  and  Niobrara  rivers.  What  the 
ancient  course  of  the  White  River  was  there  Is  not  yet  evidence  of 
mnch  importance  to  show,  bat,  remembering  the  higher  level  at  which 
it  formerly  flowed,  it  may  be  snggested  that  a  portion  of  its  eonrse 
remains  in  the  Red  Lake  channel.  Kor  is  it  very  difficult  to  imagine 
that  it  once  ran  along  the  apper  eonrse  of  American  Creek  past  White 
Lake. 

It  now  remains  to  consider  the  age  of  the  Missouri  below  that  point, 
more  particularly  that  portion  tmrdering  the  State  of  Nebraska.  Two 
qnestions  present  themselves:  1.  Was  it  pre-Glacial,  so  far  as  its  loca- 
tion, or  was  it  post-Glacial  in  origin  1  2.  If  poBt-Glacial,  didltreachits 
deepest  excavation  before  the  loess  epoch  or  in  more  recent  timesT  If 
we  should  find  reason  for  believing  it  of  pre-Glacial  origin,  the  exact 
date  of  its  location  and  excavation  are  not  particularly  connected  with 
onr  subject. 

IS  THE  TBOTTO-H  OF  THB  HISSOTTBI  OF  PBE-QLAOIAI,  OBiamI 

We  proceed  to  take  np  the  first  of  these  Questions.  In  fovor  of  the 
pre-Glacial  origin  of  the  trough  the  following  points  may  be  orged: 

1.  Striie,  supposed  to  be  of  Glacial  origin,  have  been  found  down  to 
the  level  of  the  water  at  Omaha,  and  very  nearly  down  to  that  level  in 
southwestern  Mills  County,  Iowa.  Not  unlikely  more  earefol  examina- 
tion would  disclose  such  stride  at  other  points, 

2.  The  bed  rook  lies  at  a  d^th  of  irom  60  to  110  feet,  or  even  125  feet 
at  Omaha,  below  the  present  low-water  mark;  and  this  leads  ns  to  pre- 
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sent  in  more  oarefnl  detail  the  results  of  examination  at  five  diflTerent 
points,  viz:  9ioax  Oity,  Blair,  Omaha,  Plattsmoatfa,  and  Nebraska 
City.  In  the  first  three  cases  sections  have  been  kindly  fnrDiehed  the 
Sarr^  by  the  engineers  of  the  railroads  which  cross  at  these  several 
points.  A  few  notes  from  engineer  Parkharst,  of  the  Flattsmonth 
bridge,  were  received  soon  after  its  bnilding.  Hie  Kebraska  City  sec- 
tion has  been  oouBtmoted  from  notes,  taken  by  the  writer  ia  1880,  of  an 
examination  carried  on  by  the  Oorps  of  United  States  Engineers,  who, 
to  throw  light  on  the  history  and  working  of  the  Miseoiiri,  ran  a  line  of 
borings  nearly  across  the  valley  at  that  place.  The  main  &ct8  at  these 
different  points  may  be  stated  as  follows  (for  a  fall  expression  of  them 
we  refer  to  the  snbjolned  cross  sections  in  Pis.  XXYI  and  XXYIIl : 

At  Sionx  City  the  river  hngs  the  eastern  bank.  The  rock,  judging 
fixim  tliat  exposed  in  the  bank,  is  wholly  of  Dakota  sandstone  and 
shales.  The  river  at  this  point  is  abont  900  feet  in  breadth  and  from  5 
to  16  feet  in  depth.  The  rock  lies  nndemeath  the  present  channel  of  the 
river  on  an  average  from  35  to  80  feet.  It  lies  approximately  pturallel 
to  the  bottom  of  the  water,  bat  near  the  western  bank  slopes  downward 
toward  the  west,  and  its  depth  beyond  that  point  has  not  been  deter- 
mined. These  remarks  apply  particniarly  to  the  section  near  Prospect 
Hill.  The  new  one,  npon  which  the  Pacific  Short  Line  is  bnilt,  does 
not  differ  materially  fiY)m  it.  Along  the  line  of  the  lower  bridge,  that 
of  the  Sionx  Oity  and  Pacific  Bailroad,  qaite  different  conditions  were 
found.  The  three  deeper  borings  in  the  vicinity  of  the  channel,  though 
extending  120  feet  below  the  low-water  mark,  are  reported  not  to  have 
struck  any  bed  rock.  The  section  is  illustrated  in  PI.  XXYI.  When 
we  learn  that  the  Dakota  formation  is  composed  mainly  of  sand,  with 
thin  layers  of  clay,  it  Eieems  not  improbable  that  its  strata  may  have 
been  mistaken  for  the  loose  deposit  of  the  river.  In  fiivor  of  that  fact 
attentioQ  is  called  to  the  representation  of  white  clay,  blue  clay,  and 
sand  npon  the  east  bank,  which  would  correspond  in  character  with 
strata  of  the  Dakota.  Moreover,  npon  the  west  bank,  at  a  depth  of 
70  feet,  is  a  stratum  of  clay  with  its  upper  surface  concave,  as  thongh 
worn  by  a  stream,  which  also  soggests  a  stratum  of  the  Dakota.  Tak- 
ing the  borings  as  given  in  the  report  of  the  Tdissouri  Kiver  Oommis- 
siou  for  1690,  however,  it  would  appear  that  river  deposits  extend  to  a 
depth  of  120  feet,  and  how  much  more  has  not  been  determined. 

At  Blair  the  river  occupies  a  more  central  portion  of  »  valley  11  to 
12  miles  in  width.  It  is  three-qoarters  of  a  mile  east  of  the  high  ter- 
race at  Blair.  The  bed  rock  in  the  vidnitfy  of  the  present  channel, 
where  the  bridge  of  the  Sionx  Oity  and  Pacific  Bailroad  crosses  it,  is 
from  47  to  50  feet  below  low-water  mark.  Ite  snrfoce  is  quite  level  in 
an  east-west  direction,  bat  seems  to  dip,  or  at  least  to  end,  abruptly 
to  the  north,  for  a  boring  I  mile  north  of  the  bridge  did  not  reach  rock 
at  a  depth  of  110  feet.  Borings  for  a  mile  longitudinally  near  the 
bridge,  howevw,  indicate  a  slight  decline  of  snr&ce  tQVAi^  tlie.@Qnth,^ 
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At  the  railroad  bridge  at  Omaha  the  river  Ues  close  to  the  n-eHtem 
bank,  aDd,  aa  has  beea  stated  before,  the  rock  Dear  by  rises  above  the 
level  of  the  stream.  Undenieath  the  present  channel,  which  at  this 
point  is  ordiuarily  abont  1,000  feet  in  width  and  2  to  15  feet  iu  depth, 
bed  rock  lies  ft'om  30  to  75  feet  below  ]ow-wat«r  mark.  These  reniarkn 
apply  to  a  section  of  the  Union  Paciflo  Railroad  bridfi:e.  The  section 
given  iu  oar  illnatration  (PI.  XXYII)  is  that  determined  by  a  set  of 
borings  oroseing  the  river  abont  half  a  mile  north  of  the  Omaha  and 
Oonncil  Bloffs  wagon  bridge.  In  this  there  appears  a  shelf  iu  the  rock 
bottom  oa  the  Omaha  side  aboat  20  feet  below  the  sarfoce,  or  15  feet 
below  low  water.  A  little  east  of  the  river  and  for  three^]oarter8  of  a 
mUe  farther  in  that  direction  the  rock  lies  at  a  depth  of  about  SO  feet, 
and  three  borings  east  of  that  failed  to  strike  bed  rock,  thongh  pene- 
trated to  a  depth  of  90  feet.  Moreover,  the  character  of  the  deposits 
seems  to  be  that  of  the  river,  or  possibly,  in  one  case,  bowlder  clay.  It 
is  labeled  clay  and  gravel. 

At  Plattemoath  a  mnch  less  complete  section  has  been  obtained,  bat 
the  river  is  close  to  the  western  side  of  the  valley  and  the  rock  lies 
from  32  to  54  feet  below  low-water  mark.  Moreover,  more  recent  bor- 
ings have  developed  the  fact  that  the  bottom  is  qnite  nneven,  and  that 
in  some  places  bed  rock  lies  considerably  lower.  Aboat  a  mile  and  a 
half  farther  north  borings  were  carried  to  a  depth  of  over  85  feet 
without  striking  rock. 

At  Kebraska  City  the  river  also  lies  next  the  western  aide  of  a  val- 
ley 8  miles  in  width.  The  river  is  abont  1,000  feet  in  breadth,  and  iu 
places  30  to  40  feet  in  depth.  By  the  borings  before  referred  to,  which 
were  carried  on  nnder  the  direetions  of  Mr.  L.  E,  Oooley,  assistant 
United  States  engineer,  for  more  than  4  miles,  at  distances  of  &om 
2,500  to  3,000  feet  apart,  the  rock  was  foand  to  lie  at  a  depth  of  &om 
60  to  102  feet  below  low-water  mark.  The  deepest  point  found  waa  at 
the  easternmost  boring  where,  according  to  his  statement,  "bowlder 
clay"  was  struck,  suggestingtheidea  that  It  may  have  been  the  western 
side  of  an  old  channel  partially  filled  with  bowlder  day.  The  average 
depth  of  the  rock,  which  on  the  whole  is  quite  even,  may  be  placed  at 
aboat  75  feet  below  low-water  mark. 

From  the  Beport  of  the  Missonri  River  Commission  fbr  1890  we  learn 
that  north  of  the  bridge  about  2  miles  borings  were  carried  to  a  depth 
of  about  170  feet  at  several  points  before  striking  bed  rock,  and  tbo 
inference  drawn  by  the  engineer  was  that  he  had  discovered  a  pre- 
Glacial  channel.  He  reports  that  the  "  principal  bed  below  the  general 
level  of  the  north  and  south  valley  of  the  Missouri  is  a  very  teuaoioos, 
hard,  drab-colored  clay,  mixed  with  angular  fragments  of  stone,  gen- 
erally of  lime,"  though  he  reports  one  of  red  qnartzite,  but  it  is  not 
fhim  this  deep  chaoneL  He  does  not  donbt  that  it  is  till.  Assamlng 
that  this  deep  hole  is  connected  with  the  easternmost  boring  shown 
in  onr  flgnre,  he  makes  the  channel  run  8.  80°  E.,  and  suggests  that  it 
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ma;  be  a  portion  of  an  old  valley  of  tbe  Platte.  It  is  dlfficalt  to  har- 
monize it  with  tbe  present  Miasomi.  On  the  whole,  it  seems  more 
rational  to  suppose  that  the  deposit  in  qnestion  is  a  Carboniferona 
Btratam,  and  that  be  bas  been  misled  by  the  iutermption  or  removal 
of  a  thin  layer  of  limestone  which  has,  near  by,  formed  the  bottom. 
However,  the  case  should  be  remembered  and  farther  light  be  soagbt 
on  the  subject, 

Kow,  it  appears  improbable  that  tbe  present  stream  shoold  be  still 
excavating  the  rock  boanding  Its  trough ;  its  depth  is  too  great,  it  would 
seem.  And  yet,  at  what  time  since  the  Glacial  epoch  is  it  likely  to 
have  reached  the  bed  rock  under  its  channelT  On  generally  received 
principles  we  sbonld  be  inclined,  firom  the  depth  of  the  rock,  to  argue 
for  the  pre-Gladal  excavation  of  the  trough.  Whether  this  is  strongly 
sustained  we  shall  see  presently. 

3.  Tbe  occurrence  of  till  quite  low  down.  At  Florence  it  is  foand  50 
feet  thick  and  more,  extending  below  low-water  mark,  yorth  of  Conacil 
Bluffs,  near  Flattemoutb,  and  in  Mills  County,  Iowa,  typical  till  is 
found  down  to  within  30  feet  of  the  level  of  tbe  river. 

Id  favor  of  the  post-Glacial  origin  of  the  immediate  valley  of  the 
Missouri,  it  may  be  argued  as  follows: 

1.  A  comparison  of  the  coarse  of  tbe  Misaond  with  that  of  the  Missis- 
sippi on  opposite  sides  of  tbe  State  of  Iowa  brings  oot  the  contrast  that, 
while  the  latter  presents  rapids  of  considerable  height,  nothing  of  tbe 
kind  is  found  along  the  MissourL  As  these  rapids  have  been  distinctly 
traced  to  changes  in  the  course  of  tbe  Mississippi  during  the  Glacial 
epoch,  or  tbe  want  of  correspondence  of  its  present  channel  with  that  of 
pre-GIacial  times,  the  absence  of  rapids  in  the  Missouri  would  argue  in 
favor  of  no  sucb  divergence,  and  since  we  should  as  easily  expect  a 
similar  divergence  in  one  case  as  in  the  other,  if  both  had  pre-GIacial 
channels,  we  have  some  reason  for  believing  that  the  Missouri  had  no 
pre-Glacial  channel. 

2.  Deposits  which  are  evidently  of  lacustrine  and  of  pre-Glacial  origin 
are  found  in  such  close  proximity  to  the  present  valley  as  to  argue 
against  the  idea  of  a  river  occupying  the  trough  previous  to  the  deposit 
of  the  till.  We  refer  particularly  to  the  section  north  of  Pacific  Junction, 
which  has  been  described  on  a  previous  page.  This,  however,  is  not 
conclusive,  for  we  may  conceive  of  small  lakes  attending  a  river. 

3.  Wherever  the  deposits  have  been  examined  in  tbe  present  trough 
of  the  Missouri  they  have  displayed  only  sand  and  clay,  with  uo  trace 
of  till  except  in  one  solitary  case,  which  has  been  mentioned  tn  the 
Kebraska  City  section  PI.  XXYII,  At  Blair  and  Omaha  a  few  scat- 
tered bowlders  are  found  next  the  rock,  but  they  have  evidently  been 
rolled  along  by  the  action  of  the  water.  At  Nebraska  City  and  Omaha 
clay  balls,  evidently  formed  by  the  caving  of  clay  banks  and  tbe  rolling 
of  tbe  fragments  by  the  current,  occur  frequently  down  to  the  rock.  If 
the  troagh  were  of  pre-Gladal  age  it  sbonld  be  found  filled  more  or  less 
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vith  bowlder  ctay.  Kven  if  it  lias  been  more  deeply  excavated  since  the 
ice  age,  till  should  be  foand  oocapying  a  considerable  part  of  the  trongh. 

4.  The  bed  rock,  wherever  it  has  been  exposed,  as  at  Blair  and  at 
Omaha,  has  shown  a  uDlformly  waterworn  appearance,  with  no  traces 
of  planation  or  strife.  Thongh  bowlders  have  been  fonnd  opon  the 
surface  of  the  rock  to  the  depth  of  a  foot  or  so,  there  is  no  evidence  of 
their  corrading  the  rock  as  if  moved  by  ice. 

We  may  smn  np  the  evideace  firom  the  sections  with  this  resalt :  The 
depth  of  bed  rock  differs  much  in  the  different  sections,  even  where 
the  localities  seem  qoite  nnlform.  It  will  be  r«iiembeTed  that  a  boring 
1  mile  north  of  Blair  bridge  is  said  to  have  gone  140  feet  without  strik- 
ing bed  rock.  When  we  eonsider  the  greatly  different  kinds  of  mate- 
rial which  the  river  has  excavated  it  seems  likely  that  the  deepness  of 
the  channels  is  the  result  of  softness  of  the  material  rather  than  of 
great  age  or  the  position  of  an  ancient  base  level.  It  seems  probable  tbat 
there  wonld  be  variations  in  the  depth  of  the  trough  of  tJie  river  sim- 
ilar to  those  in  its  width,  and  the  caoses  for  each  are  probably  similar. 
Hence  we  conclude  that  the  preponderance  of  evidence  is  in  &vor  of  a 
recent  excavation  of  the  lower  portions  of  the  channeL  At  the  same 
time  it  should  be  remembered  that  we  have  no  complete  sections  across 
the  trough  and  that  there  is  a  possibility  that  an  older  and  deeper 
channel  of  pre-Olacial  age  may  yet  be  found. 

THE  TROUGH  OP  THE  UIS80UKI  STILL  DEBPENINO. 

In  support  of  the  view,  which  may  strike  some  as  novel,  that  the 
river  may  cut  down  to  the  bed  rock  at  the  present  time  during  Ireshets, 
we  hare  the  united  testimony  of  two  or  three  experiraced  observers. 
Kr.  L.  B.  Cooley,  in  his  report  on  the  improvement  of  the  Missouri 
lUvOT  at  Kebraska  Oity  daring  the  year  1879,'  makes  the  following 
statement; 

Th«  ordinar;;  limit  of  aeoar  i«  not  the  limit  when  th«  bank  is  held,  providnd  the 
OTdiD*T7  ec«ar  does  not  extend  to  permanent  Btntta.  The  canaea  whioh  indnee 
heav;  cutting  will  iodnce  ho^vj  iconr,  provided  that  oattlug  in  atopped,  whioh  will 
extend  to  permwient  atrata  if  the  caosea  continae  anfflciently  long.    •    •    • 

In  many  of  the  boringa  whioh  hare  been  made  here,  Indnrated  clay  halla,  with 
vegetable  matter,  covered  with  a  coating  of  aand,  along  with  a  motley  coU«citfan  of 
gravel  atones,  are  found  within  a  short  distanoe  of  permanent  strata.  A  pieoiaelj 
similar  collection  containing  gmnbo  balls  In  a  aoft  state  was  dredged  jCh>m  60  feet 
depth  at  the  works.  These  balls  are  troia  catting  banks,  and  the  proof  Is  concln- 
sire  that  siuoe  the  river  has  been  ranning  In  silt  banks,  as  at  pteaent,  aoonr  has 
oooasiouallf ,  at  least,  reached  permanent  ati^ta  at  TO  to  90  feet  depth. 

Mr.  E.  Gerber,  assistant  engineer  of  the  Fremont,  Elkhom  and  Mis- 
souri Valley  Bailroad,  who  has  bad  direct  oversight  of  the  Blair  bridge, 
states  without  qoaliflcatjon  that  the  river  at  that  point  cats  down  to 
bed  rock  twice  a  year,  and  he  fttrther  expresses  the  opinion  that  "At 
many  places,  especially  in  sharp  bends,  where  no  artificial  contraction 
of  the  channel  takes  place,  and  where  there  is  no  greater  width  ttum 

>  Bapott  of  U.  a.  Bn(lDau«  fw  ISTO-W,  Part  II,  pp.  uat,  ion. 
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at  oar  bridge,  the  rivet  soonrs  the  bed  rock  at  bigh  water  if  the  rock 
is  not  too  low."  A  danonstration  of  thia  £u:t  is  sbowa  in  fig.  31  from 
BonudiiigB  takeo  at  the  Blair  bridge  in  18S3. 

Mr.  George  A.Lederle,  local  ODgineer  of  tbe  Omaha  bridge,  expresses 
a  similar  opinion,  thoogb  no  deflnite  observations  have  been  made  at 
that  point  to  establish  it 

If  it  be  urged  that  the  excavation  of  so  great  a  valley  as  is  fbnnd 
above  Blair  and  near  I^ebraska  City  since  the  Glacial  p^od  is  incon- 
ceivable, it  may  be  replied  that  mach  may  be  explained  by  the  natore 
of  the  formations  throngh  vhloh  the  river  has  corraded  its  course. 


.— Bacord  of  WHuidliig*  *t  Blair  bridge.  U 


Above  Blair  the  CarboDiferooa  limestone  does  not  appear,  and  doubt- 
less dips  far  belov  the  bottom  of  the  river.  The  great  width  of  the 
valley  above  that  point  has  been  excavated,  therefore,  in  the  loose 
deposits  of  the  Cretaceoos  and  Tertiary,  while  its  deepening  was  pre- 
vented by  the  limestone  ledge  near  Bli^r  and  De  Soto.  Even  the  Car- 
boniferous deposits,  though  at  points  largely  abounding  in  limestone, 
are  perhaps  one-half  clay  and  very  friable  san^tetoue  and  shale.  More- 
over, the  limestone  ledges  are  rarely  more  than  10  feet  in  thickness, 
and  the  thickest  easily  beparate  into  blocks  less  than  3  feet  in  diam- 
eter. Cliffs  of  alternating  rock  and  clay  may  be  quite  as  easily 
degraded  as  those  of  clay  alone. 

The  inequalities  of  the  depth  of  the  bed  rock  seem  to  correspond 
with  tbe  character  of  the  strata.  For  instance,  at  Blair  the  shallow- 
ness of  the  trongh  seems  to  be  referable  to  a  thick  stratum  which 
appears  above  the  river  at  Omaha;  tbe  ehallowneas  at  Plattsnioath,  to 
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a  thick  limeatODe  stretatD  irhich  appears  a  little  above  the  river  at 
Bock  Blaff.  The  rock  thus  fitr  dips  gently  toward  the  north.  The 
greater  depth  at  Omaha  maf  be  dne  to  the  series  of  clay  layers  vhich 
intervene  between  the  two,  together  with  the  effect  of  the  plunging  of 
the  CDrreat  over  the  limestone  stratnm  as  it  was  worn  ftam  the  south 
toward  the  north.  The  great  depth  at  Kebraska  Oity  may  be  similarly 
referred  to  the  rapidity  of  the  stream  after  passing  the  limestone 
Btratam  at  Rock  Blaff.  Quite  posubly,  also,  this  has  been  increased 
by  a  fold  which  crosses  the  river  at  Jones  Point,  near  the  moath  of  the 
Weeping  Water.  The  strata  dip  considerably  to  the  soath,  perhaps 
100  feet  in  the  distance  of  a  mile.  This  brings  the  series  of  clays 
which  are  exposed  in  the  vicinity  of  Nebraska  Oity  down  into  the  river 
and  accoonts  for  the  deeper  excavation  at  that  point. 

The  modus  operandi  of  the  excavation  of  the  trough  seems  to  be  in 
thiswise:  While  the  stream  has  rapid  velocity  it  preserves  ntach  of  its 
straight,  narrow,  deep  channel,  which  characterizes  its  apper  portion, bat 
when  sach  a  channel  has  atteined  a  uniform  slope  it  begins  to  form 
bends  which  begin  the  widening  of  its  valley.  During  this  stage  the 
deepest  places  are  in  the  sharp  bends,  and  only  at  soch  points  has 
the  river  rock  bottom.  If  it  is  heavily  burdened  with  sand  and  silt,  as 
in  the  case  of  the  Missouri,  between  such  bends,  according  to  the 
testimony  of  engineers  as  well  as  the  common  experience  of  river 
captEUDS,  the  river  is  very  shallow,  as  the  oarreut  here  is  slackened 
and  sand  accumulates,  especially  daring  high  water. 

As  the  river  meanders  back  and  forth  and  the  bends  continally  work 
down  stream,  the  whole  breadth  of  the  valley  becomes  scoored  oat  to 
the  depth  of  the  sharpest  bends.  In  this  way  we  may  reconcile  its  pres- 
ent partially  filled  conditioQ  with  its  recent  excavation.  The  work  of 
broadening  the  trough  does  not  begin  at  all  points  at  the  same  time. 
Where  the  strata  are  soft  and  friable  the  stream  reaches  its  base- level 
of  erosion,  and  expends  its  energy  in  widening  its  valley,  white  at 
points  where  harder  strata  occur  it  is  spending  all  its  energy  in  catting 
oat  its  bottom.'  Thus  we  may  explain,  in  part  at  least,  the  remarkable 
widening  of  the  trough  of  the  Missouri  between  Tankton  and  Blair, 
and  in  less  degree  between  ConncU  BluffW  and  Bock  Blaff,  and  again 
between  Jones  Point  and  Peru. 

We  conclude,  therefore,  that  though  the  trough  may  possibly  have 
been  located  before  the  Ice  age,  its  deeper  portions  must  have  been 
excavated  after  the  deposition  of  the  surroondiag  till.  Moreover,  this 
excavation  may  have  began  soon  after  the  lowan  or  even  Uie  Kausan 
stage  of  the  Glacial  period.* 

If  it  shonld  be  asked  how  we  reconcile  the  arguments  in  favor  of  its 
pre-Glacial  origin  with  the  cooclnsion  at  which  we  have  arrived,  we 
should  simply  ascribe  the  strife  preferably  to  the  action  of  river  ice^ 
though  they  may  have  been  caused  by  land  ice  of  an  older  epoch,  and 
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tlie  deposition  of  till  at  altitudes  near  the  river  where  it  is  aot  the 
resalt  of  landalideB  to  depressiona  in  the  Bnr&ce  on  which  the  till  was 
deposited,  for  the  general  surface  of  the  Garboniferons  strata  seems  to 
have  been  far  from  even.  The  deep  deposits  of  sand  and  gravel  in  the 
vicinity  of  Oonneil  Blnffs  and  Omaha  we  shoold  asoribe  to  similar  cause. 
It  woald  seem  that  when  the  Missonri  began  its  coarse  during  or  alter 
the  drift  period,  and  in  crossing  some  of  Uiese  deep  holes  large  quan- 
tities of  this  material  collected  in  them. 

The  very  rough  surface  of  the  Carboniferous  rocks  is  graphically 
described  by  Dr.  F.  V.  Hayden  in  bis  Final  Beport  on  Kebraska,  p.  26, 
Speaking  ofeastem  Nebraska,  be  says:  "  If  we  can  imagine  the  anper- 
flcial  material  entirely  removed  firom  the  country,  the  surface,  as  it 
seems  to  me,  would  be  rugged  in  the  extreme.  •  •  •  The  massive 
piles  of  limestone  would  stand  around  here  and  there  scattered  over  the 
surface  like  gigantic  rains."  This  quotation,  while  expressiug  a  truth, 
may  be  misunderstood.  If  we  should  remove  the  pre-Glaoial  clays  and 
aand  beds  the  buttes  of  Oarboniferons  limestone  would  probably  rise 
less  than  200  feet  above  the  intervening  valleys. 

If  this  conclusion  be  correct,  there  may  not  have  heea  very  great  ero- 
sion of  the  older  rocks  since  the  Ice  age. 

WAS  IHB  TROUGH  BXaAVATED  FRBTIOUB  TO  THK  LOESS  BPOCHT 

This  depends  largely  upon  the  theory  one  may  hold  concerning  the 
origin  of  the  loess.  If  it  is  looked  upon  as  eolian,  the  two  may  have 
been  developing  simoltaneouBly,  In  that  case  the  conception  would  be 
that  the  Missouri  began  its  course  after  the  Kansan  epoch,  and  that  the 
material  of  the  loess  most  have  been  derived  &om  its  bars  and  banks 
daring  its  lower  stages  and  spread  over  the  uneven  snrAce  adjacent. 
But  if  we  look  upon  it  as  of  a  lacustrine  or  a  fluvio-laonstrine  origin, 
it  would  seem  necessary  to  conceive  the  trough  of  the  Missouri  to 
have  been  subsequenl  If  we  favor  the  latter  views,  the  base-level 
of  erosion  and  deposition  must  have  been  approximately  coincident 
with  the  present  upland  level  of  the  loess  region.  We  may  have  some 
fragments  of  the  original  surfoce  still  extant  in  the  "flats"  which  we 
have  already  mentioned  as  occurring  in  western  Iowa,  Kebraska,  and 
Missouri.  Accordingly,  the  most  of  the  upland  loess  was  deposited  no 
later  than  the  lowan  epoch.  If  it  seems  incredible  that  this  trough, 
which  really  is  of  vast  extent,  has  been  excavated  since  that  time,  we 
may  find  it  more  credible  by  considering  the  following  points : 

1.  The  present  trongh  may  have  been  largely  excavated  from  Pleisto- 
cene deposits.  We  have  already  alluded  to  the  very  uneven  sarface 
of  the  older  rocks.  If  the  drift  were  resting  upon  deep  sand  beds,  as 
has  been  found  in  northern  Nebraska,  this  would  assist  largely  in  the 
removal  of  the  material. 

2.  The  Missouri  during  the  Wisconsin  epoch  was  the  main  channel  for 
carrying  off  the  water  from  the  whole  western  edge  of  the  great  ice 
sheet.    Estimates  will  be  found  more  frilly  given  in  the  Beport  of  the 
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Hissonri  Qeolo^ioaJ  Survey,  Vol.  X,  p.  202.  Accordiug  to  these,  the 
probable  average  size  of  the  atream  was  abont  ten  times  greater  tbao 
at  present.    This  voolcl  add  greatly  to  its  eroding  power. 

3.  The  loess  has  a  peculiar  property  for  creeping  and  rearranging 
itself  at  lower  levels.  This  sabjeot  will  be  foand  more  fally  treated  in 
the  Proceedings  of  the  Iowa  Academy  of  Sdenoes  for  1897.  We  simply 
call  attention  here  to  the  following  facts:  The  loess  npon  steep  slopes 
frequently  shows  a  step-like  surface.  Most  generally  it  attracts  little 
attention,  and  has  been  referred  by  some  to  the  checking  by  veg^a- 
tioD  along  steep  hillsides  or  to  the  tramping  of  grazing  animals.  Even 
in  this  moderate  degree  deep  excavations  will  show  that  these  steps  are 
cansed  by  a  series  of  slight  faults  mnning  transverse  to  the  directaon 
of  the  slopes.  They  may  be  compared  to  crevasses  of  gladers.  It 
appears  that  this  phenomenon  occnrs  when  moistore  has  accnmulated 
in  the  base  of  the  formation  and  dissolved  the  cementing  material  of 
the  loess  and  rendered  it  plastic,  or  the  moisture  may  be  in  the 
underlying  clay  or  sand,  rendering  it  similarly  plastic.  Occasionally 
this  phenomenon  becomes  so  marked  that  the  crevasses  or  fanlts  have 
a  tiirow  of  severe  inches.  Daring  rain  or  the  spring  ttiaws  these 
cracks  are  filled  and  recemented.  Similar  results  are  also  accomplished 
by  hillside  wash,  which  frequently  becomes  very  marked  npon  steep 
slopes.  After  prolonged  rains  the  formation  becomes  saturated  ajid  is 
very  easily  wa^ed  away  and  rearranged.  Because  of  its  straticolate 
stmcture  and  homogeneous  color  and  composition  it  is  very  difficult  for 
anyone  to  distinguish  the  newly  arranged  material  frrom  the  original 
deposits.  In  this  way  we  may  And  a  rational  explanation  of  the  recent 
origin  of  the  troughs  of  the  Missouri  and  its  tributary  streams,  and 
also  in  considerable  degree  of  the  uneven  sur&ce  and  great  vertical 
range  of  both  the  loess  and  the  drift. 
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JSIevationi  on  the  Ckieago,  SI.  Paul,  UtinneapoliM  and  Omaha  Railioag — Contlnned. 
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MmaUomt  along  1A«  Daiom  Cmlral  Divition  of  tk«  Ckieago  and  Jforllntottarn  RaUwaf 
from  Bavariem,  Iowa,  to  Iroqnoit,  Soutk  Dah>la. 
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One  mile  noith  of  Cbamberlaln,  Sonth  Dakota,  water 

n  HiBMiirl  River  above  sea  1,821  feet 

Chamberlain,'  station 

One  mils  eaat  of  Chamberlain 

Summit,  sec.  34,  T.  104,  R.  70 

Eaet  end  of  Red  Lake 

Water  in  lake 

BiJoaHiUeGap 

Pratt  Creek,  water,  see.  2,  T.  99,  B.  68 

Do 

Sec  33,  T.  99,  R.  68 

Snmmlt 

Feaae  Creek,  aeo.  K,  T.  98,  R.  68 

Summit '. 

West  end  of  Lake  Andes 

Lake  Andes,  water 

Channel  aouthweat  from  lake 

Between  mcwaine  and  lake 

Ckoteau  Creek : 

Bottom,  tec.  29,  T.  96,  H.  68 

S<w.25,T.M,B.63,grade 

See.  36,  T.  94,  B.  62,  grade 

See.  36,  T.  94,  K.  62,  water 

Summit . . 

Emanuel  Creek : 

Quarter  of  a  mile  above  Springfield  station  . . 

Three-qaartere  of  a  mile  below  Springfleld  station.  , 

Near  station 

Water  in  HlasoDri  River  at— 

Springfield 

Yankton 

Tankton,  grade  of  Chleago,  UUwaukee  and  St.  Paul . . 

Edge  of  rirer  bottom  at  month  of  Tnikaj  Creek,  lec. 

13,  T.  94,  E.  54 ;  station  firom  Springfield 


1,300 
2,860 


1,160 
1,400 
1,400 


2,000 
3,000 
3,0601 


West  edge  of  VennlliOTi,  second  bottom  ., 


2,200 
2,000 
2,760 


..oo^^lc 
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L«>ltlT. 

StMiOD. 

alwTs 

Veimilion  River: 

Grade,  eeo.  23,  T.  91,  B.  52  (BloomlDgcUle) 

2,960 
3,500 
3,160 
3,600 

3,650 

32 

38 
102 
148 

105 
95 
125 
26H 

-    1 

0        1 

Brule  Creek; 

3.700 
3,850 

4,060 
4,100 

BinSloiu: 

28         1 

4,500 
4,660 
4,860 
5,100 
6,100 
6,160 

6,200 

277         1 

(    280 

8.6 

79 
60 

S4 

60        1 

Weat  Floyd  River: 

Floyd  River: 

5,300 

Leman,  5-10  feet  lower  Uuui  niinola  Central  atation  .. 

5,400 

05 

naluHi*  #«  turrtji  norlA  of  Lakt  A»dtt,fror»  tee.  tS,  T.  96,  R.  8S,  io  Platle  Crttk 
Oroi»ing,  inc.  t,  T.  99,  B.  68. 


LottOlty. 

BfUm. 

Be^u™. 

Croasing  of  Lake  Andea,  seo.  16,  T.  97  R.  64 

(Wftter7 

0 

600 

800  ■ 
1,150 
1,450 

ret.      1 
319.6    1 

6ei.d  1 

487        1 
548 

358        1 

^......^. 

TODD.]  ELEVATIOiETS.  16 

ElwaHoni  along  lilt  Ckieago,  Milwaukee  and  St.  Paul  Hailuaf  in  Dakota  and  part  o/IoK 

at  ptr  profile*  in  ehitf  engituer't  ofict. 

[FnrnlBhsd  b;  the  oanrtoay  of  D.  J.  WbltUoaora,  ohlaf  sngliwer.t 


Sheldon,  Iowa 

Bofdeii,Iow* 

PatteNOD,  Iowa 

Bummit  wMt  of  Patterson 

Bock  Valley 

Junction  of  Rook  Valley 

Eoolc  Biver: 

Track 

Water 

Sionx  River: 

Tr«!k 

Water , 

Crowing  at  Canton  Jnnotion 

Worthing 

VDTmllion  River  (bridge) 

Chicago  and  North weateru  Railway,  oioeeing  eatt  of 

Parker 

Parker 

Summit  west  of  Parker 

Jnnction  at  Marion  Jnoction 

Station  at  Marion  Jnnction 

Wolf  Creek  bridge 

Bridgewater 

Emery  Station 

Pierre  Creek  bridge 

Alexandria 

Jamea  River  bridge  eaet  of  Mitchell: 

Track 

Water 

Station  atMitobell 

Jnnction  weet  of  Mit4dieU 

HonntVemott 

Plankinton 

White  Lake 

Kimball 

Pnkwana 


1,055 
1,197 


B11II.IS8 — u 


162  MOEAIKEB   OF    SOUTHEASTERN   SOUTH   DAKOTA.        IbcllIS*. 

Eteratio*»  along  the  Chicago,  Milieankee  and  St.  Paul  Railaaf  in  Dalela  and  pari  of  loira. 
at  ifr  profitu  i»  ckitf  trtgineer'a  offiog — Continawl. 


LMRllly. 

Michiguu 

Eleiatioa 

772 
739 

856 
920 
733 

602 

598 
587 
756 
827 
643 
629 

Rnnniug  W»t«  Bnnch : 

Bridge  ovBr  J  ftmesRivM- 

Traok 

1,180    ; 

1,1«9 

1,33S 

1,409 

1,22B 

1,211 

1,221 

1,354 
1,375 
1,379 
1,184 

1,168 
1,152 
1.158 
1,117 

1,111 
1,110 
1,141 
1,133 
1,122 
1,108 
1,103 

1,103 
1,079 
1,095 

Sioux  City  aod  Dakota  DiTiBioo ; 

772 
798 
797 
602 

586 
570 
57G 
565 

5S9 

538 
359 
651 
540 
527 
521 

521 
497 
913 

Bridgn  over  JameaRlTer— 

Bridge,  Vennillon  RiT«r— 

u,,„„...i,,,Goo^lc 


TOBD-l  ELEVATIONS.  1 63 

EletaUemalottg  the  €hloago,MHieauteeaad  St,  PaulJCailvag  in  Jialcotaaud  part  a/Ioira, 
ai  per  profilM  in  ckUf  engineer' t  office — Contiuued. 


Elk  Point  to  Sioux  Falls  Junction  : 

ElkPoiut 

Bridge,  Sions  Eiver — 

Track 

Water 

Westfield 

Akron  ( Portland vi lie) 

Chicago  and  Noithweatem  orowing  (Bawardeu 

Calliop« 

nridge,  Sioui  River — 

Track  

Water 

Eden 

Aiuten 

Fairriew 

Beloit 

Bridge,  Sionx  Kiver— 

Track 

Water 

Crott^ng  at  Cantou  Junction 

Bridge,  Sionx  River  at  Sioox  Falls — 

Track 

Water 

SionxFalla « 

Bridge  over  Sionx  River  at  Dell  Eapide— 

Track 

Water 

Station,  Dell  Rapids 

Bridge,  Sioux  River — 

Track 

Water 

Track 

Water 

Sionx  Falls  Junction 

Southem  Minnesota  DiTision : 

Airlle,  Uinaew>ta , 

Flandreau 

Bridge,  Sioux  River — 

Track 

Water 


MDBA1NE8  OP  80UTHBA8TEBN  BOUTH  DAKOTA. 


Eletatitm  aloug  the  CUeago,  Milwaukee  and  SI.  Paul  Sailwagin  Daiotaai 
at  ptrprofiUt  i*  cki^  euginttr'i  ojlee — Continnod. 


Sontlisni  Hinneoota  DivUioii — Coatinuad. 

Egan 

Sioux  FaUa  Junction 

Colemftn,  Dakota 

Wentwortb 

MadlMU , 

Bridge,  EMt  Vennilion  River— 

Traek 

W»tOT 

Wiiifred 

Cbicftgo  and  Kortliw«Bt«ni  erooaiDg,  Vilaa. 

Boawsll 

Diana  (Artealku) 

Bridge,  Jam«e  BtTer — 

Track , 

Wfcter 

Foraatburg 

Woonucket 

Haatinga  and  Dakota  Divitlon : 

At  lower  itation  at  OrtonTill^ 

Bridge,  Uinneaota  River — 

Track 

Water 

Station,  Mllbauk  Janction 

Snmmit  aiding  (aiunmit  of  Coteani) 

TV'anbaj- 

Wobater 

Briatol 

Andover , 

Grolon 

Bridge,  Jamea  licver — 

Track 

Water , 

Bath 

Ctiicago  and  Iforttiweetom  croaaing 

Aberdeen 

Mina 

Ipswich 


1,081 

1,0ST 
1,M0 
1,132 


ELEVATIONS. 


Bl«tatl»n»  along  iht  Chicago,  mivrnukteandSt.  Paul  Sailwag  in  Dakolaand  j>ari  ofI<m 
at  per  profilu  f  i*  chief  engineer'g  (i^Im— Cootlmied. 


Whetstone  BTanob : 

Milbank  Junction . 

Corona 

Wilmot 

End  of  track  [33  miles  ftom  Miltnnk) 

Jamtm  Valley  line  : 

MitcheU 

Junction  near  Mitchell 

Letcher 

Woonsocket 

AlpeDk  

Virgil 

Wolwy 

CbicKgo  and  Northwestern  etoHsing  (Wohejr) . . 

Bonilla 

Tnlare 

Rodfield 

Chicago  and  Northwrntam  crossing 

Ash  ton 

'Mellette 

Chicago  and  Northwestern  Bail  way  crossing. . . 

Aberdeen 

Westport 

Frederick 

EUendale 


1,316 
1,332 
1,311 


1,294 
1,296 
1,294 

1,297 
1,227 
1,365 
1,416 


_J 


Kon.— In  pnpuiDK  the  kboTi  lUtMnsnt  the  eleTMiona  abore  Lake  Mlcbtgan  .vera  detarmlned 
by  rednoInK  the  datum  Hoes  of  the  veiioai  proBleH  on  file  In  tba  offlce  to  Ikke  level,  beginning  at 
UilTBukee.  thence  to  IM  Croaee.  and  thence  hj  iota  different  rentes  l«  a  common  point  In  Dakoti, 
whe»  It  wu  found  that  the  extreme  Tarlatlcin  waa  not  more  than  S  feet.  The  elcTatloDa  glvea  are 
about  an  average  of  the  eitremea  fonod £.  O.  Reedei,  auistant  eDglneer. 


biGoogle 
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Supplementarg  lilt 


Seotluid  and  Armour  lice: 

Scotland 

Tripp 

DelmoDt 

Armnar 

Tripp  and  Mitchell  line... 

Tripp 

Parkaton 

Ethan 

MitcheU 


1,^6 
1,481 
1,5U 


EleralionB  alo»y  Hit  Sioux  Cilg,  ffStill  and  WeMtem  Sailmai/. 
[ObUlnsd  thraDgbtliskliidDHaor  J.  H.  Cliadu.of  Slsu  Clt;.  rrom  r.  C.  Hlll^  rt 


Government  bench  mark,  Sioni  City 

SoDth  Sionx  City,  Nebraska 

Jackson  

Siding,8eo.25,T.2»,R.6.E 

Waterbnry 

Snnunit  east  of  Allen 

AUen 

Summit  east  at  Dixon 

Dixon 

Belden 

Logan  Creek,  bridge 

Randolph 

Snmmit  west  of  Bandolpb 

Osmond 

Bridge  east  of  Plainview 

Plainvlew 

Brnnsvick ,. 

Orchard 

Emporia 

Page 

O'Neill 


Ffl. 

1,111.8 

1,106 

1,1*16 

1,181 

1,286 

1,521 

1,486 

1,556 

1,451 

1.471 

1,546 

1,606 


1,971 
1,953 
1,971 


1  ELEVATIONS.  167 

EleeaiioKt  aUmg  the  Sioux  City,  (fXeill  dud  WMtem  fiaflinty— Continaed. 


Western  line  of  Hall  County i i  2,3 

Western  line  of  Rock  CoDnty 2,5 

Western  line  of  Brown  Connty 1 2,7 

CTOBBing,  Middlelonp,  Cherry  Connty,  water  level i  2,9 

HiKbeet  point,  S.  33,  Cheny  Connty,  thiee-rourtha  mile 

esstof  west  line 

Highest  point,  R.  37,  Cherry  County,  one-half  mile  east 

of  west  line . 

Western  margin  of  Cherry  County 

Highest  point,  R.  44,  Sheridan  County,  west  line 

Crossing,  Box  Bntte  Creek,  Sheridan  Connty,  1 

mar^ 


EleralioK  of  Oie  Stovx  Cily  anil  Ifortham  Railroad. 

[Througli  the  klodnets  of  6.  J.  Buls.  ncBirar.] 


Looalitj. 

Xkntton 

BbOTCHL 

JWI. 
1,109.6 
1,212.5 
1,271.7 
1,496.1 

biGoogle 


b,  Google 


INDEX. 


A.agbej,a.,  cAtBi  oa  tauilt . . 


■idhy... 


1.  H.  F.,  cited  on  petrified  bim«B.. 
J(iCiMk,deMriptloaof  vallsjraC....  1<H- 
iB,  S.  J.,  elersHoni  fiirnlafaBd  b; 

t«n  (OcIpallDn,  louCIon  uf  eiixwuree  of . 

CI,  Xebruki,  fignn  ghowlng  «ip«Dn 


Dfi M-M 

Big  Sloui  Klrer,  oanu  of  tbe  grHt  bend 

of IM-IM 

conne  orDutnlus  from  Venulllon  Point 

to BS-SS 

ilBMsrlpllon  of  nSlBJ  of. 


oleT 

aipoaaroB  mlong.. 


.  1«»,1S 


13a-lB» 

■howlnjr    poTtkm  of 


BljoD    HUlB,    Bgai 

view  of. 

Blair,  deptb  to  bed 


Blair  bridge,  reeord  of  toandlugi  at 

Spirit  Monnd  to 3B-32 

Bnonnboro,  low*,  section  fiom  tbe  Ulasonrl 

Bowlderi,  dJgtrlbntionof 1 

Uiudou  Towniblp,  exposure  In 

BlidgewKtei,  flgora  abowlng  googe  ttom 

quRrtxlbn  eipoanre  neu' 

pbotogrsphof  strife  on  qnftrtalteneiir.. 
Brule  CreeL,  oooraeof  enter  moraine  from 

Cunlon  to 

CBll.aK..>lielleiIfitBnElnedby 

Bmle  Creek  lo 

section  Boiir 

GsrroU  Count;,  Iowa,  seiitlon  neu  Muth 

line  of 

Cuulla.  irella  near 

Cedu- Creek  Hllla,  dewirlption  of 

flgnnabowlng... 


itiona  between  Leaurs, 

Iowa,  and I5S-IM 

plate  abowing  aectleu  aeroae  Ulaaonrl 

KiTerat. lU 

terrace  at 128.191,131 

dkamberUn.  T.  C,  relbrance  to SI 

work  of U 

Cbannel>.aDcleobd«oiipIionDf M-II 

CharleB,  J.  H.,  fuknowledgiueuti  to IT 

eleiatlone  fomtobed  bj iBft-llB 

Cfaioago  and  ITorthweatem  Kailway.  oleTB- 

tlonaalong 138 

CUoago.  UUwankee  and  St  Paal  BallKaj-, 

elevations  along lOI-ltS 

CUcago,  St.  Panl.  Minneapolis  and  Omaha 

BallTB}-,  elevations  along.. lSt-I» 

Choteaa  Creek  Hills,  deecdptlon  of. IS 

Cleveland,  U.  C,  information  fUraisbed  by  .        W 

Colboma.B.B.,aaknuwledgmenIata IT 

elevatlona  fnmlshed  by ISS-IM 

Coleridge,  plate  sliowlog  base  of  drift  near .        Tt 

Concord,  Kebraska,  drift  near 73 

Cooley,  L-  E.,  quoted  on  the  deepening  of 

theUiaaoDiiBiver ISO 

Colean  dea  Prairies  region,  bouiidaries  of. .      IDS 

jfaoeof. 1DS-1U4 

«in lOS-UO 

hnmmockaln 110 

atrlBin 110-111 

valleys  of IM-IOT 

CooncUBIafCs,  Iowa,  eectlons  near eS-8a 

CrelKbton,  Kebiuka,  drift  near It 

Cronlnger,  C  J.,  information  fnmlahed  by..  12t 
CiOfT  Lake,  map  of  osar-Uke  ridgea  near ...  23 
Dakota  sandetoae,  locatlaDof  eiiiosnree  of.  U 
Dana,  J.  T>.,  oiled  on  moraine  near  Tnitle 

Bldge 23 

Dell  Rapids,  deecrlption  uf 1D7-108 

Drift,  eastern  bonndary  of £8 

relation  of  underlying  formations  to  ...       07 

western  boundary  of 58-58 

Eaat  Btjou,  iIlBlrlbutlonofdrlfcln i*-4S 

Eaat  rermllion  Itlver,  elevations  on 1ST 

Egan,  section  near 118 

Blevatioua,  llata  of 38, 

«a-4B,  58-S1I,  01-112,  log,  1M-W7 

method  of  obtaining U 

Elk  Creek,  elevatlona  on 15S 

Elkboni  Blver,  tarraoe  along V» 

Eraauael  Creek  Gap,  deeoriptlon  of 28-» 

Knemy  Creek,  auolent  obanuel  near. 110 

u,.,  ,.  ,.,  -^■.  169 


170 


EDemy  Cnck  HlUs.  Ti«v  of IIS 

Fmtrriew.  Mction  nw S3 

Ttsw  of  Big  Sioux  RiTSr  ueir 133 

flmtwl  CiMli.  audeBt  chftonsl  neiir lis 

Florvnce  K«bruka,Tleir  at  binff  (bore...  12 

Fort  IUDdaLl.mD[iiiii<?  near H 

vIbw  of  lower  boirWerr  tem»cenmt. ...      ISS 

Fremont,  Kebruka,«ipD»iirtnMI. IBS 

Mutton  WMt  of 7» 

FremoDt  County,  lawkpthicknau  of  loeulD      100 
FnmoDt.   ElUiom    ud    UiHonr]  Vkllsy 

RailroHd,  elevstloiu  along IM 

GBmlaoa.drinieaa  area  near W^ 

Garbor,  E.,  ■ckaawlcdgmnnt^  to lA 

elsTatloEB  rnmlehed  by lU 

quoted  on  Ibe  deepening  of  the  HU> 

aouri.  -- IMt-lSl 

Tlrw  of  Uie  moraine  from  Zmlleasvn til  of  27 

wellanear 120 

Oravetand  aand  depoalta.  charaater  oT M-OT 

QreeBWDDd,  terrace  at 1B2 

Ttowof  lower  bowldery  terrace  near...  M 

Hartington,Nabraaka,  drift  near T> 

Hawarden.  Iowa,  elevationa  between  'Iro- 

qaola.  South  Dakota,  and IBS 

Hayden,  F.  v.,  dted  on  Carbonireron*  roeka  lt3 

oltedoneipoanrea  of  Benton  formation.  15 

Helix  altc 

EermaD,  Ksbraaka.  terrace  near 133 

Herrlck,ITebraika,  plate  sbowtngloeaa  near.      102 
aeotlon  of  south blaff  of  Miaaonrl  SlTer 

terracelnear IM 

Hllla.F.CeleTatloniramiahedby lSe-l«T 

Bopklna.  B.  H.,  iaformation  farnlahed  by . .      126 

HBgMtt,Harcln.aeknD>rlBdgmenttto IT 

lee  sheet,  plaleaahowlngeilentof 110,133 

Iowa,  drift  in 86-Bl 

elopoin  wwl«rn IM 

boqiioli.  Sonth  Dakota,  eleratlang  between 

JBmeaSldg^deK:riptianor  Talleyof. 122 

olevatdcinHon im.lM 

eipoaurea  of  older  rocka  in  valley  of . . .      IB 

vieweof 28.SD 

J'ohnHin,C.^V.,ackiionledgmenta  to IB 

elovaCloDa  fnmtihed  bj- 1S6-1SJ 

Keg  Creek.  Iowa,  flgnre  showltjg  aeetlon 

between  Silver  Creek  and M 

section  near...- 9D 

Lake  Andea  outlet,  view  of 26 

l*ke  Dakota,  canae  of. 126 

Lederie,  G.  A,,  aoknowledgmenta  to IT 

cited  on  deepening  of  theMIaaonri  ....      ISI 
LemOiTe,  Iowa,  elevatlone  between  Chamber. 

lain,  Sonth  Dakota,  and in-1«0 

Ikwterrille,  moralnlo  hill*  near 2S 

Iietfiher.  well  aeotiou  at 1S5 

LoeM  region,  bonndarles  of 6t-S8 

elerationain 69 

Logan  Creek, elevationa on 166 

Iiowei  Bmle  Agency,  termoe  at 129 


Uaple  Creek,  Nebraska.  SMlioB  on n 

MoCook,flgareebawlDgaectioanear at 

Meek.  F.B..  cited  on  roaaili m 

Middle  Kaccoou  Slver.  aection  near  Janc- 

tioa  of  Willow  Creek  and Itt 

MlUorf.  Nebraaka,  seetion  near SO-81 

Ulaaourl  Biver,  age  ot  trough  of 1*S-JM 

character  of  valley  of 82 

digram  of  Ifao  trough  of. 1«0 

lowwater  slopes  of 140 

plates  showing  sections  acton 148, 1» 

pre-Glacial  course  of 30 

silt  terraces  at  tho  Great  Bond IK 

table  of  helghlaof  temcealimg 13T 

terracea  along 128-138 

liew  of  Great  Bend ISt 

MluonrlTaUey,Iawa,aeattoDn(>u- ffi 

MItohell,  Alexander,  aoknowladgmenta  ta. .         IT 
Montroae. plates  showing  OBBis.etD.. near..  38L38 

Ucralne,  daflnltioD  of  term 37 

outer,  struotnre  and  position t7-38 

Mount  Temon.  wells  near isn 

XebrMka,  distribution  of  drift  In fl».«l 

thickness  of  loeas  ]□  northern 100 

Nebraska  City,  depth  to  rock  at Its 

plate  sltowiug  section  aoroaa  MiaHmrl 

River  at U« 

HlooIlet,J.N.,wockof U 

Niobrara,  Kebraaka,  drift  near K 

Niobrara  fonaatiou,  looatloD  of  eiposuna 

of 15 

Niobrara  Klrer,  pi«  Glaolal  course  of 30 

Omahh  depth  to  bed  reck  at 14T 

plate  showliig  section  acroaa  Mlasanri 

Hiverat 160 

Osmond,  Nebraaka.  flgurea  showing  cuts 

Padflo  iTiinetloD,  Iowa,  Sgaie  showliig  ax- 

poanienear 08 

aectlooB  near SO.flO 

Pierre famatloii,  li>c«Uonafeip««ui«*of..       13 

Flalnvlaw,  wells  near 12* 

Plankinlon,  spotted  surfsoenear  ..........      121 

Platte  River,  temoe  along « 

Plattemonth,  depth  to  rook  at US 

plate  showing  saetion  across  MIbsodtI 

River  at IM 

PtaasaDtHin,  HBbiaskA,eectloniiear 80 

PoDoa.  NebrMka.  section  at H 

Ponca  Reach  drift  region,  description  of .. .  BS-S& 

Pony  Hills.  South  Dakota,  view  of lit 

Powell.  J- W.,  cited  on  river  cutting ISI 

Pratt  Creek,  conrse  of  moraine  eaat  of 18 

course  of  outer  moraine  i^om  Running 

Water  to 15-B 

oonrse  nf  outer  mondne  from  Turtle 

Point  to 10-2S 

terrace  in  valley  of. 131 

Red  day,  character  of. .-.-       80 
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THE  GEOLOGY  OF  EASTERN  BERKSHIRE  COUNTY, 
MASSACHUSETTS. 


By  B.  E.  Emboson. 


INTRODtrcTION. 

The  eooDtry  here  described  is  represented  on  the  Becket  and  Saudis- 
field  sheets,  and  in  Bear'  Mountain  eztcmds  into  the  area  of  the  Shef- 
field sheet,  of  the  topograpliieal  map  of  the  State  of  Massachosetta 
On  the  east  it  adjoins  the  territory  discussed  by  the  anthor  in  a  recent 
monograph  of  the  United  States  Geological  Survey.^  On  the  north  it 
is  bounded  by  the  Hoosac  Mountain  area,  which  has  formed  the  subject 
of  a  monograph  by  Professors  Pnmpelly  and  Wolff.'  It  is  a  section 
across  the  Green  Mountain  chain  in  Masaachosetts,  a  deeply  eroded 
region  of  pure  Appalachian  type,  composed  of  sharply  folded  pre- 
Cambriau  and  Paleozoic  crystallines. 

Tbis  territory  forms  part  of  a  deeply  trenched  platean,  and  along 
the  western  border  of  the  area  the  ground  sinks  by  a  steep  scarp  to 
the  low  limestone  valley  of  the  Housatonic.  Upon  the  upland  the  sur- 
face is  underlain  by  a  series  of  pre-Cambriau  anticlines,  more  or  less 
overturned  to  the  west,  which  form  an  almost  continuous  band  across 
the  State.  They  are  included  in  a  much  broader  baud  of  Cambrian 
conglomerate-gueissea.  The  Cambrian  quartzite  and  the  Stockbridge 
limestone  rise  somewhat  onto  the  upland  &om  the  west,  and  the  Cam- 
brian gneisaea  dip  steeply  beneath  newer  sericite-schists  along  the  east 
border  of  the  area. 

The  axes  of  the  folds  strike  mainly  north  and  south,  but  in  the 
western-central  part  of  the  tract  they  bend  in  great  curves  to  the  west, 
even  into  sickle  shape,  and  in  extreme  form  are  overturned  and  at 
the  same  time  bent  in  curves,  producing  a  complex,  fan-like  structure. 


■  The  Ualted  State*  Board  dd  GeograpMa  XamM  haa  decided  Chat  tlie  name  lued  for  thia  m 
In  tb«  pnUloationa  of  the  Unlled  SlaUa  Oorariimeat  ihiJt  be  Bear,  and  not  Beartown.  The  anttaoT 
of  (fala  boUetlD  (taMa  that  then  an  othsc  "Bear"  mDuntalDe.  and  tliat  this  moDDlalD  will  alwaya  be 
kiunn  In  the  region  as  Baartoim  Moon  tain.— Eduoh. 

■ThegeolDg;  or  Old  Hampahlie  Conntr.  MaasaohaHtte,  by  B.  S.  Bmenen :  Mon.  U.S.  Geol.SarTBy, 
Vol.  XXIX. 

■The  eeol(W7  o[  the  Onan  Hounlalna  Id  MaaiaohuieUa,  by  B.  Pnmpelly,  J ,  K.  WoltT,  X.  Nelwm 
Dale;  Uon.U.  3.  Geol.  Surrey,  Vel. ZXm.  '-'■'        "'  --"-"-'(S"- 
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TOPOGRAPHY. 

The  region  and  w  diBoosaion  pieserres  diatinctly  the  form  of  a  plateao. 
A  moat  atriking  topc^^phical  feature  of  this  plateau  ia  its  rapid 
Binking  on  the  vest  to  a  Hmeatone  plain  1,000  feet  above  sea  loveL 
Where  the  limestone  penetrates  far  east  into  the  crystalline  area,  in 
Dalton^  Bast  Lee,  and  Tyringh&m,  it  is  snnk  to  the  same  low  level  as 
in  the  open  valley  to  the  vest,  and  that  this  is  dne  to  the  solubility  of 
the  limestone  ia  saggested  by  the  fact  that  the  Cheshire  qnartzite, 
much  more  exposed  and  softer,  is  preserved  across  the  central  part  of 
Washington  fully  as  far  to  the  east  and  at  a  much  higher  level. 

A  loT  crest  line  mna  X.  10°  W,  through  Peru,  in  the  northeast  comer 
of  the  area  considered,  riaing  to  2,295  feet  2  miles  south  of  the  center  of 
the  town  tuid  continuing  north  as  the  creat  line  of  Hooaac  Mountain 
(Spruce  Hill,  2,480  feet).  From  this  crest  line  the  plateaa  ainks  slightly 
westward  to  where  its  bluffs  look  down  on  the  Honsatonic  Valley,  witJi 
the  highest  peaks  rising  from  1,740  feet  in  the  northern  part  of  the  area 
to  2,076  feet  in  the  central  part. 

In  the  southern  half  of  the  area  the  blaff  which  has  formed  the  weet- 
em  edge  of  the  plateau  clear  across  the  State  extends  westerly  in  Bear 
Mountain  (1,866  feet),  facing  northward  for  several  miles,  and  is  theo 
lower  and  less  pronounced  across  the  southern  half  of  the  area,  sinking 
to  1,760  feet  across  Kew  Marlboro. 

Also  in  the  southern  half  of  the  area  another  broad  crest,  replacing 
the  first,  riaea  on  the  west  aide  of  the  plateaa,  reachea  2,120  feet  in 
Becket  Monntain,  and  broadens  to  the  aouth  across  Tyringham  and  Kew 
Marlboro.  These  crests  sink  gradually  toward  the  south.  A  broad  but 
slight  depression,  occupied  by  many  ponds,  crosses  the  area  between 
the  crests,  from  Hinadale  to  l^e  Otia  reservoir. 

There  ia  also  a  southeastward  sinking  of  the  level  fh>m  the  aecond 
crest  line  to  1,460  feet  at  the  southeast  comer  of  the  area,  ao  that  the 
plateau  dips  west  in  its  i^orthem  half  and  east  in  its  southern  halC 

The  watershed  follows  the  first  creat  for  several  miles,  then  crosses 
the  depression  transversely  to  the  west,  and  continues  down  the  western 
crest.  This  throwa  most  of  the  dnuoage  into  the  Connecricut  River, 
though  the  wat«rshed  makes  a  wide  detoor  to  the  east  around  the  head- 
waters of  the  Honsatonic. 

This  watershed  crosses  three  well-marked  wind  gaps  or  valleys,  which 
are  not  occupied  by  any  water  coarse  but  ftx>m  which  tributaries  of  the 
Honsatonic  flow  northwest  and  those  of  the  Connecticut  aoutheast. 
These  are  (1)  the  deep  canyon  between  Washington  Station  aud  Becket, 
occnpied  by  the  Boston  and  Albany  Bailroad ;  (2)  the  prolongation  of  the 
East  Lee  Valley  at  Greenwater  Pond;  and  (3)  the  lesa  marked  upland 
prolongation  of  the  low  Tyringham  Valley  which  connects  with  the  Clam 
Biver  Valley.  These  wind  gaps  form  the  centers  of  the  three  important 
transverse  features  of  the  topography.  The  deep  limestone  bay  of  Dal- 
ton  is  oontinaed  in  the  pre-Oambiian  basin  of  Hinsdale  at  a  higher 
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level,  and  this  naTTOWS  into  the  Becket  OaDyon,  vhioh  Is  continued  in 
the  Westfleld  Biver  Talley  across  the  Trhole  range.  Thos  is  formed 
the  only  passageway  for  a  railroad  across  the  range. 

The  Dalton  limestone  bay  was  canaed  by  the  removal  of  the  Stock- 
bridge  limestone,  which  here  penetrates  far  into  the  monntain  mass. 
East  of  this  bay  the  greater  solability  and  conseqaent  erosion  of  the 
gneisses  and  limestones  of  the  overtnrned  pre-Gambrian  anticline  has 
caused  the  broad  Hinsdale  depression  where  the  anticline  is  wide; 
EHid  the  same  anticline  narrows  and  becomes  vertical  where  it  bends 
soatheastward,  making  the  deep  canyon  which  extends  from  Washing- 
ton Station  to  North  Becket. 

The  divide  is  now  at  Washington  Station,  and  the  Honsatonic,  com- 
ing down  from  the  Washington  Hills,  flows  north  across  the  low  depres- 
sions here  mentioned  and  swings  aroond  to  the  soath,  following  the 
larger  limestone  valley;  theWeatfield  Biver  flows  sonth  through  the 
canyon  and  then  sontheast  antil  it  joins  the  Conneoticnt. 

From  Becket  eastward  the  position  of  the  Westfleld  is  normal, 
depending  on  the  original  sontheast  slope  of  the  plateaa  and  disre- 
garding the  geological  stroctnre,  except  that  it  seems  somewhat  in- 
flnenced  by  faults.  Above  this  point  the  stractorc  has  controlled  the 
coarse  of  the  stream  from  Washington  to  Becket  and  forced  it  into 
the  canyon ;  and  the  drainage  also  seems  to  have  been  inverted,  that 
from  Balton,  Windsor,  and  Hinsdale,  which  formerly  went  into  the 
Westfleld  Biver  at  Washington,  being  now  carried  westward  by  the 
Honsatonic  If  the  course  of  the  Honsatonic  irom  Dalton  sonth  be 
inverted,  nearly  all  the  tributaries  on  the  west  wonld  then  flow  sonth- 
east in  normal  relation  to  it  A  similar  statement  is  trne  of  several  of 
those  on  the  east  in  so  £u  as  they  have  not  come  under  the  influence 
of  the  limestone,  which  has  by  its  solution  produced  long  poods  uid 
deflected  several  streams  into  them.  Indeed,  each  lobe  of  the  pre- 
Oambrian  has  become  the  bed  of  a  brook. 

The  present  course  of  the  Honsatonic  across  Hinsdale  is  complicated 
by  the  extensive  glacial  lake  deposits  in  that  town.  When  the  ice  had 
just  shrunk  away  &om  the  uplands  and  still  filled  Pittsfleld  Vall^ 
and  the  Dalton  bay,  the  valley  of  the  Westfleld  became  a  main  outlet 
for  the  glacial  waters,  which  widened  above  Becket  Oanyon  into  a 
lake  across  the  low  ground  of  Hinsdale  and  Washington,  producing 
the  broad  sand  flats  that  extend  across  tliis  area  and  the  great  delta 
flat  which  rises  jnst  east  of  Hinsdale  station  and  extends  to  the  Center. 
Its  lobed  southward-facing  front,  swinging  in  a  great  loop  between 
these  two  places,  is  well  marked  on  the  map.  The  extremely  sinnons 
course  of  the  Hoasatouic  is  due  to  its  passage,  with  slight  fall,  aoroae 
these  flne  sands. 

The  notoh  across  the  monntains  seen  in  the  East  Lee-Farmington 
Biver  Valley  is  formed  in  a  similar  way.  The  Stockbridge  limestones 
project  bnt  little  into  the  Fast  Lee  Valley  of  pre-Oambrian  limestones, 
bnt  this  valley  is  prolonged  into  the  Parmtngton  Biver  Valley,  which 
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cnts  dear  across  tbe  range.  In  its  lower  third,  from  Kew  Boston  sontb, 
the  stream  rons  in  a  narrow  gorge  cot  by  itself  withont  regard  to  tbe 
sabstmctore  and  controlled  by  the  old  snr&ce  of  tbe  baae-levd  plain 
over  vbich  it  began  its  flow.  The  middle  third  is  controlled  in  some 
degree  by  the  Otis  fanlt  (see  map,  PI.  IX},  The  northwestern  third  is 
controlled  similarly  to  the  Hinsdale  area,  by  the  solntion  and  erosion 
of  the  limestone  and  the  formation  of  tbe  deep  East  Lee  Valley  along 
the  long  and  narrow  anticline  which  sweeps  in  a  broad  oorre  ftom 
East  Lee  to  West  Becket. 

Sonth  of  the  eonthem  end  of  Greenwater  Pond  there  is  a  low  divide  in 
the  deep  valley  bottom.  Soath  of  this  point  the  waters  flow  into  tiiie 
Farmington  Biver;  north  of  it  they  flow,  by  6reenwat«r  Pond  Brook, 
into  the  Honsatonic  This  brook  seems  also  to  indicate  a  reversed 
drainage,  as  the  tribntaries  make  obtase  angles  with  the  main  brook 
and  seem  to  have  once  been  tribatary  to  a  sontheast  stream. 

Tbe  Daltou  phase  is  lacking  here,  as  the  Stockbridge  limestone  does 
not  penetrate  the  crystallines. 

The  great  Lenox  foalt  at  the  foot  of  the  monntains  cnts  across  the 
monthof  the  valley  and  gives  access  to  it  by  dropping  ttie  western  half 
of  the  Tyringham  pre-Oambrian  below  the  bottom  of  the  Honsatonic 
Valley. 

In  the  Tyringham  Yalley,  next  soath,  the  limestones  onoe  penetrated 
far  southwest  along  the  Tyringham  &nlt,  bat  have  now  been  mostly 
cleared  ont  from  tbe  deep,  narrow  valley,  which  is  abraptly  closed  at  its 
lower  end  bnt  continaes  at  a  mach  higher  level  to  connect  witih  the 
transverse  valley  of  01am  Biver,  which  joins  the  Farmington  Biver  at 
New  Boston. 

One  can  dimly  discern  in  the  Tyringham  Valley  a  fragment  of  jwe- 
Oambrian  topography  and  its  explanation.  In  the  Hop  Brook  gorge, 
at  the  head  of  the  valley,  tbe  pre-Oambrian  limestones  appear  as  the 
coreof  an  anticline,  which  ends,  with  sharp  sontheastem  pitch,  near  tbe 
month  of  Hayes  Pond.  This  anticline  extends  along  the  axis  of  the 
valley  beneath  the  Cambrian  and  appears  in  its  middle  at  the  Brook- 
side  mill  below  the  "Cobble,'*  and  its  erosion  in  pre-Oambrian  timee 
can  be  said,  with  considerable  probability,  to  have  ibrmed  a  long,  nar- 
row bay,  into  which  the  progressive  transgression  of  the  Cambrian  sea 
bronght  first  the  sand  beds  of  Cambrian  times  and  then  tbe  deep- 
water  oalcareoaa  deposits  which  formed  the  Stockbridge  marbles  that 
once  filled  the  valley.  The  steep  sonthem  pitch  of  the  limestone  core 
of  the  anticline  at  Its  sonth  end  caused  the  abmpt  termination  of  tbe 
valley  in  that  direction. 

In  a  similar  way  a  cnrioaa  topographical  featare  was  formed  in  the 
baain  of  Goose  Pond.  A  long,  narrow,  enrved  anticline  bronght  the 
limestone  to  a  level  where  it  contd  be  reached  by  solntionand  erosion, 
and  this  deep  linear  depression  is  the  resnlt. 

In  Monterey  the  limestones  extend  again  for  eastward,  and  their 
solution  has  produced  a  broad  upland  valley  and  a  westerly  draioa^ 
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wboM  liaits  are  quite  closely  coincident  wltli  the  former  area  of 
limestone. 

FinaUy,  iu  the  soatheru  portioa  of  the  area  there  are  many  small 
ponds  oocnpying  pre-Cambriau  limestone  areas  and  sairoanded  by 
Oambriau  gneisses,  vfaere  I  saspeot  that  the  solntion  of  the  limestone 
has  caused  the  caving  in  of  the  gneisses,  and  that  their  final  removal 
by  the  ioe  has  prodnoed  these  small  and  peculiar  luid-looked  ponds. 

HISTORICAL  SKETCH  OP  THE  BUILDINQ  OF  THE  PLATEAU. 

The  cotintry  is  now  a  central  section  of  a  deeply  eroded  moontain 
region  of  Appalachian  type,  sharply  folded,  and  ovffitnmed  uorthTrest- 
erly  by  forces  acting  from  the  east. 

The  pre-Oambrien  rocks  vere  folded  and  eroded — no  one  knows  hov 
mncb— in  pre-Gambrian  time,  and  toward  the  close  of  that  time  a  deep 
north-Bonth  depression  occupied  the  position  of  the  present  Honsa- 
tonic  Valley,  extending  far  vestrardly,  and  lateral  valleys  branched 
from  it  to  the  east  up  the  present  Tyringham,  East  Lee,  uid  Dalton 
valleys. 

The  great  transgression  or  passage  of  the  waters  across  the  region 
from  the  west,  which  introduced  the  Cambrian  era,  admitted  water  into 
this  valley  system,  and  as  it  advanced  it  deepened  Uiem  so  that  lime- 
stones were  formed  in  the  valleys,  while  just  east  sandstones  and  con- 
glomerates were  laid  down  nearer  the  shore  line,  and  there  are  many 
trausitioQB  irom  limestone  to  sandstone.  The  waters  stretched  west  to 
the  foot  of  the  Adirondacks  and  continued  east  across  Massachusetts, 
sarrounding  a  large  pre><3ambriaQ  foea  whicb  extends  ftom  the  sonth- 
easteni  part  of  Worcester  Oonuty  across  Gonnecticnt  to  the  month  ot 
the  Gonnecticnt  Kiver,  and  reaching  some  large  land  body  east  of  the 
present  coast  which  fiimished  the  material  for  the  abondant  con- 
glomerates that  appear  in  the  Cambrian  gneiss  at  Monson  and  in  the 
Hudson  arkose  in  Hndsoo  and  Marlboro  and  in  Worcester  Connty,  and 
stretch  far  northeast  into  Maine,  marking  perhaps  au  old  shore  line 
near  which  the  altered  emptives  in  the  Marlboro  region  were  extruded. 

The  continued  sinking  of  the  land,  which  sent  the  shore  line  so  far 
east,  beyond  the  region  here  studied,  caused  the  conglomerates  to 
change  into  sandstones,  and  these  into  shales  which  have  now  become 
the  Rowe  hydromica-sohists  and  which  are  represented  in  Worcester 
County  by  the  Paztou  whetstone-schist. 

Shales  eontiuaed  to  be  deposited  in  the  east  after  the  partial  uprise 
of  the  Stockbridge  limestone  caused  it  to  be  covered  by  the  shales  which 
have  become  the  Berkshire  schists  and  which  are  coatioaed  east  iu 
the  Goshen  and  Conway  schists,  and  by  the  Brimfleld  schists  east  of 
the  Connectiout,  These  may  be  about  ou  the  horizon  of  the  Lower 
Trenton  beds.' 

The  increased  iblding  brought  nearly  all  this  area  above  the  level  of 
the  sea  and  produced  the  Bernardston  Upper  Devonian  basin  on  the 

■  Tlie  WMbiugbm  Ilmeaton*,  by  Dr.  C.  H.  KlobardiOD :  Proc  Apt.  Amm.  Adv.  Sd.,  IM,  p.  3K. 
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CoDDeotioat,  and  the  Woroeater  late  Devouiaa  or  Oarboiiifiux>iiB  baHin, 
both  apparently  opening  toward  the  north. 

For  the  later  movement  of  folding  and  crashing,  the  N'ew  York  hor- 
izontal Paleozoic  coantry  ia  the  nnfolded  "foreland"  toward  which  the 
folds  advanced;  the  "rearland,"  or  coontry  trom  which  the  pressure 
came,  has  sank  into  the  Atlantic  off  the  pi'esent  east  coast;  the  greiit 
bands  of  granite  which  cross  the  middle  of  the  State  are  the  eraptives 
oil  the  concavity  of  the  folded  ranges  melting  ap  in  the  great  syucliDes. 
Here,  in  the  core  of  the  range  and  a  long  way  west  across  the  foreland, 
eruptlves  of  the  time  of  the  folding  are  wanting. 

l^e  Gonnecticnt  and  Hoaaatouic  valleys  are  "graben,"'  or  long  nar- 
row areas  sank  between  faults.  These  faults  bound  thi)  intermediate 
block  or  "horat"  which  forms  the  Qreen  MountaiB  npland.  It  is  sim- 
pler to  assign  them  both  to  the  same  pre-Triasaic  era. 

Erosion  has  since  worn  the  moautain  range  down  to  its  roots,  uid 
the  "Oretaceoos  base-level"  thus  formed  may  have  extended,  with  some 
approach  to  horizoatality,  across  the  area  and  westward,  tonching  the 
crests  of  the  Taconics  and  of  Greylock  and  Moant  WaahiDgton,  to  the 
north  and  aonth,  respectively.  If  thia  be  tnie,  all  the  later  irregulari- 
ties would  depend  upon  the  nneqnal  capacity  for  erosiou  of  the  two 
areaa,  eapecially  apon  the  solnbility  of  the  limestone.  The  alternative 
would  be  that  the  great  depression  of  the  Honsatonic  limestone  valley 
was  in  some  large  part  caused  by  the  later  downthrow  of  the  limestone 
area  between  faults  already  established.  The  former  sapposition  aeema 
to  me  more  probable.  It  would  place  the  downthrow  wholly  before  the 
Cretaceous  base-leveling. 

GEOLOGY. 

I  hare  diatiaguiahed  the  following  aubdivistona  of  the  pre-Oambrim 
and  Paleozoic  rocka  in  the  Becket  and  Sandiafield  quadrangles,  which 
are  described  in  this  paper. 

Section  of  pre-Cambbian  and  Paleozoic  Rooks  in  Wbstesn 
Massaohttsbtts. 


iVe»t  of  the  pre-C<unbrian.  ■,  Katt  af  the  yr*-Cambrum. 

IRT.  '  ftOWK  ecRiST. 


Chlotitio  hf  dromicA-  or  sericite-icbiit. 

STOCKBRIDnK    UMBSTONE    {nppST    palt). 

A  white  sngaiy  marble,  ofteu  tnmo- 
litic,  with  Inolndml  Bchist  and  qnartnlte 


Light    greeoiah    graj    serioite-sohiil, 
grodiDg  southwardly  into  »  feldsfMUile 

iniaa-Bchist. 


BOOS  AC   SCHIST. 


kntllti  d«  £rde. 


nRBMit.)  PRE-CAUBBIAN   ROCKS. 

C1.MBBIAN. 
Wttt  of  Oie  pM-CamWUn.  Eatt  of  the  pr»-CaMbrUf». 

8TOCKBRIDGE  UMBBTOMB  (lover  part),      j  BBCKBT   GNEISS. 

CHBSUUUt  4UABTZITK. 

White  sugarj  qnartiite,  often  i 
line  bearing. 

BBCKXT  OMBISe. 

A  light- gray,  fine-grained,  two-mioft-or 
hiotite-gneiBB,  often  oonglomeratic,  with 
Bnbordlnate  beds  of  qnartzite  and  sabiHt. 

PBE-CAUBBUn. 
WASHIKOTON  GNBIM. 
tifeiona  blae-quartz  gi 

TTHIKGHAM  OMBIBS. 

Coarse,  highly  stretched  biotite-gneiss,  barren  of 

LEB    CNBISB. 

A  perfectly  banded,  medlnm,  blsok,  bomhlendio  gneiss,  BomeUmea  alternating 
with  a  irhite,  Sne-grained,  often  micalees,  gneiss. 

HtHeDALB  UMBSTOtlB. 
Coarse,  highly  orystalline,  ohondroditio  limestone. 


Coane,  granitoid  biotite-gneiss,  often  epidotic. 

PRB-CAMBR1AN   ROCKS. 


A  long  series  of  isolated  ontcrops  of  pre-Cambriaa  rocks  occnpiea 
the  westeni  rim  of  the  high  ground  wbich  extends  ttom  north  to  sonth 
across  the  eastern  portion  of  Berkshire  County  and  looks  down  on  the 
limestone  valley  of  the  Boasatonic.  They  form  the  axis  of  the  Green 
Honntains  across  Maasachaaetts,     (See  map,  PI.  IX.) 

The  most  northerly  ontcrops  of  the  pre-Oambrian  within  the  limltsof 
the  State  are  the  area  of  Stamford  gneiss  of  Oak  Hill,  north  of  Iforth 
Adums,  and  that  stretching  along  the  crest  of  the  Hoosac  Range  soath 
of  the  tunnel.  These  have  been  described  in  detail  by  Professors  Pom- 
pelly  and  Wolff,  and  their  relations  to  the  inclosing  Cambrian  gneiss 
have  been  elncidated  in  a  work  which  marks  an  epoch  in  the  investiga- 
tion of  the  crystalline  rocks  of  New  England.' 

The  Hoosac  area  is  described  as  consisting  of  "  a  coarse  granitoid 
gneiss  which  forms  the  core  of  Hoosac  Moantain  proper,  occupying  the 

AchuMtta,  b7  S.  PnmpeUy,  J.  K.  Wolff,  u>d  T.  Kelxm 
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Borfiuw  of  the  moantain  for  several  miles,  tben  disappeariag  below  the 
overlying  rock,  bat  oat  in  the  Hooaac  tonnel  for  near!;  0,000  feet."  It 
is  called  the  Stamford  gneiss.  It  is  "  a  ooarse- banded  gneiss,  oompoaed 
of  long  lenticular  crystals  of  pinkish  feldspar,  flattened  lenses  of  blue 
quartz,  and  thin,  irre^lar,  greenish  layers  of  a  micaceons  element 
(biotite  or  mnscovite,  or  both)  mixed  vith  amall  epidote  orystals.'"  It 
Taries  but  slightly  in  microscopic  and  macroscopic  characteristics,  and 
Professor  Woltt'  does  not  attempt  to  subdivide  it  in  the  field  or  to 
decide  whether  it  ia  an  emptive  granite  or  a  highly  metamorphosed 
member  of  a  detrital  series.*  Specimens  have  been  taken  from  the 
material  of  this  age  broaght  to  the  snrfoce  in  the  central  shaft  of  the 
Hoosao  tunnel  to  illustrate  pre-Gambrian  gneisaoid  granite  in  the  edn- 
cational  series  of  rocks  diatribated  by  the  United  States  Geological 
Survey. 

All  the  other  outcrops  of  the  aeries  are  described  in  this  bulletin, 
beginning  vith  the  Hinsdale  area  in  tbe  Becket  qnadrangle,  which  is 
traversed  by  the  north  and  soath  portion  of  the  Boston  and  Albany 
Bailroad,  and  extending  aonth  ocrosa  that  and  the  Sandis&eJd  quad- 
rangle. The  series  conttnnes  sonthwest  across  Connecticut  and  Sew 
York  to  the  Highlands.  Several  of  these  areas  extend  a  little  way 
over  into  the  Sheffield  qnadrangle  on  the  west,  and  Professor  Hobbs 
thinks  that  the  Oambrian  gneiases  are  worn  through,  exposing  small 
areaa  of  the  pre-Oambrian,  on  Warner  Moantain  in  Oreat  Barrington 
and  on  Brush  Hill  in  Sheffield.  The  Canaan  Moantain  pre-Cambrian 
enters  the  Sheffield  quadrangle,  bat  not  the  State  of  Maaaachosetts. 
There  are  thos  twenfy-three  pre-Oambrian  areaa  in  the  westom  part 
of  the  State. 

These  areas  change  progreaaively  as  they  erose  the  State.  The 
Hoosac  Mountain  area  is  a  monotonous  mass  of  coarse  porphyritic, 
granitoid  gneiaa  of  donbtfol,  but  probably  ernptive,  origin. 

The  Hinsdale  area  ia  a  closely  appresaed  and  slightly  overtamed 
anticline,  exposing  a  nncleus  of  ancient  epidotic  gneiaa  surrounded  by 
a  thick  bed  of  highly  crystalline,  choodrodite-limeatone,  and  this  by  a 
band  of  dark  gneisses,  while  the  series  is  closed  by  a  maty  graphitic 
blae-quartz  gneiss.  The  whole  is  in  apparent  conformity,  and  no  strik- 
ing nnconfbnnity  marks  its  contact  with  the  aurrouuding  Cambrian 
gneiases.  On  the  weet  of  this  anticline  the  blne-qoartz  gneiss  alone  is 
exposed  in  the  Dalton  anticline  aa  the  core  of  a  normal  fold,  in  sbarjv 
eat  unconformity  to  the  Cambrian  conglomerate. 

Widely  separated  on  tbe  east,  the  Oolea  Brook  limestone  band  is 
thrust  up  irregularly  through  the  Oambriaa  gneiases.  It  is  extremely 
long  and  narrow,  and  the  dark  Bast  Iiee  gneiss  accompanies  it  at  it^ 
southern  end. 

To  the  south  of  these  the  broad  Tyringham  area  shows  extensive 
bands  of  a  barren  and  monotonous  coarse  biotite-gneiss  (the  Tyring- 
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liam  ^neiM)  oliaract«Tiz«d  by  such  extreme  Btretcbing  that  the  biotite 
maBses  are  drawn  oat  into  long  peucils,  and  foliation  sarfoces  of  the 
rock  appear  as  if  fingers  had  been  dipped  in  ink  and  drawn  across 
them.  This  is  bordered  by  the  Waahiugtoii  blae-qoartz  gneiss,  tbe 
apper  member  of  the  series,  and  strips  of  this  rnsty  blne-qnartz  rock 
are  infolded  as  synclines  iu  it,  while  tbe  East  Lee  dark-banded  gneies 
appears  as  anticlineB.  When  the  latter  is  worn  throDgh,  tbe  lime- 
stone, or  the  pyroxene- wemerite  or  actinolite  rock  which  represents  it, 
api>ears.  In  the  northern  part  of  the  Tyringham  area  the  pre-Gambrian 
is  in  apparent  conformity  with  tbe  Cambrian  gneisses  above,  bat  in  tiie 
aoathem  part  it  is-  in  plain  onconformity  with  tbem.  Id  the  latitude  of 
Otis  village  the  bloe-qaartz  gneiss  begins  to  be  flbrolitic,  and  this  char- 
acter becomes  more  and  more  pronoanced  toward  the  sonth.  The 
broad  SandisAeld  area  is  a  low  dome  which  scarcely  exposes  anything 
except  the  Washington  gneiss— there  a  rnsty  flbroKte-gneiss  rarely 
showing  blue  qnartz  and  allauite,  which  extends  into  Oonnecticnt  aud 
carries  small  beds  of  chondrodite- limestone. 

Finally,  in  the  small  areas  to  the  southwest,  which  are  exposed  by 
the  solntaon  of  the  limestone  and  the  sinking  and  removal  of  the 
Cambrian  gneisses,  the  rock  is  atill  more  strongly  fermginoas  than 
farther  north,  and  mnch  magnetite,  pyrite,  and  pyrrhotite  appear. 

From  Campbell  Falls  south  long  bands  of  a  dark  schistose  biotite- 
gneiss  ooonr,  which  are  full  of  ronnded  nodules  of  microeline  largely 
changed  to  moseovite  and  fall  of  flbrolite.  The  same  occur  in  the 
southern  part  of  the  Sandisfleld  band. 

This  change  in  the  character  and  arrangement  of  the  pre-Oambrian 
rocks  has  had  a  marked  infinence  upon  the  topography  of  the  range 
thronghont  its  coarse  across  the  State  of  Massachusetts. 

In  the  solid  block  of  tbe  Stamford  gneiss  the  pre-Cambrian  composes 
the  crest  of  the  moantain  range,  while  farther  south  its  limestones 
have  by  th«r  solation  formed  all  the  passes  across  the  mountains  and, 
many  rock-bordered  ponds. 

HINBDALE  AHTIOLmX. 

A  large  portion  of  the  towns  of  Hinsdale  and  Washington  is  occu- 
pied by  this  area  of  pre-Cambrian  rocks,  which  form  an  anticline  closely 
appressed  and  slightly  overturned  to  tbe  west.  It  is  12  miles  long  and 
1  miles  wide.  For  the  greater  iwrtion  of  its  length  its  axis  is  north 
and  south,  but  it  narrows  at  its  southern  end  and  bends  sontheastward 
ill  sympathy  with  the  Tyringham  anticline,  ending  in  the  river  bed  a 
mile  below  North  Becket  station.  It  also  sends  an  irregular  fold  south- 
westward  past  Washington  Center.  To  the  north  it  ends  in  several 
lobes  projected  far  into  tbe  town  of  Windsor. 

The  east-west  thult  which  limits  the  Datton  anticline  on  the  south 
extends  far  into  the  center  of  this  anticline  and  nearly  bisects  it.  As 
a  result,  it  is  mnoh  more  sharply  folded  to  the  south  of  this  fault, 
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formiDg  a  compensatioa  for  the  fold  of  the  Dalton  antictine,  vfaioh  U 
only  partly  contliiiied  in  a  slight  fold  Bonth  of  the  east-west  fault. 

The  Hinsdale  anticline  is  taken  as  the  type  of  the  pre-Cambriau 
areas,  since  it  is  the  only  one  which  exposea  a  gneiss  older  than  tiie 
Hinsdale  limestone  and  the  one  which  shows  the  pre-CambTiui  rock 
eeriee  in  the  fhllest  way.  For  this  reason  the  names  of  the  dUferent 
sabdivisions  have  been  mainly  drawn  from  this  tract 


This  rock  emerges  from  beneath  the  Hinsdale  limestone  and  lies  in 
the  bottom  of  the  Hinsdale  Basin.  The  upper  pre-Oambrlan  gneisses 
and,  in  an  even  more  marked  way,  the  Cambrian  gneisses  form  an 
unbroken  line  of  high  hills  aronnd  it  on  every  side. 

The  great  area  of  deeply  rotted  rock  which  snrroands  the  Washington 
station  and  which  was  sheltered  from  the  erosive  action  of  the  ice 
suggests  that  the  whole  basin  was  deeply  decomposed  at  the  beginning 
of  the  Glacial  period  and  was  thus  in  part  excavated  by  the  ice. 

The  only  place  where  it  can  be  studied  in  considerable  outcrops  is  on 
botb  sides  of  the  roads  forming  a  8<tnare  a  mile  north  of  Hinsdale 
Center.  The  commonest  lock  along  the  western  road  of  the  aqnare  is 
a  light-colored,  well  and  coarsely  bedded,  epidote-biotite-gneiss  (see 
detailed  description,  page  23,  and  fig.  1  of  Fl.  I,  p.  26].  The  lsi^», 
corved-faced  feldspars  are  mostly  crushed  to  a  granular  mass,  and  the 
resnlt  is  a  rock  somewhat  like  the  white  Cambrian  gneiss,  bat  much 
firmer  and  coarser  and  often  showing  musoovite  of  secondary  origin 
on  the  foliation  faces.  Other  beds  are  compact  arid  massive  and  show 
some  bine  quartz,  which  la  rare  in  the  Hinsdale  gneiss. 

Farther  north  along  this  road  the  rock  is  a  coarse  granitoid  feldapar- 
qnartz  mass,  rudely  foliated  ]»y  distant  biotite-epidote  films,  and  in 
places  strongly  stretched.  Books  of  this  type  extend  north  into  a 
great  double-topped  hill  and  make  up  its  western  crest. 

A  peoaUar  altered  limestone  bed  about  a  rod  thick  can  be  followed 
from  north  to  south  along  the  top  of  this  western  crest.  It  ia  mostly 
changed  to  silicates,  among  which  tremolite  in  coarse  blades  forms 
beautiM  cabinet  specimens,  and  a  green  clinochlore  in  coarse  plat«8  is 
very  abundant.  It  is  in  places  broken  up  into  a  series  of  great  lenses 
which  ran  along  the  strike.  This  is  plainly  a  result  of  the  solution 
of  part  of  the  limestone  and  the  compression  of  the  gneiss  around  the 
remnants.  One  of  these  lenses  is  a  mass  of  homblende-pyroxeue- 
epidote-calcite  rock  with  eozodn  structure. 

This  limestone  appears  north  of  the  road  mnning  soatheast  from  the 
center  of  Hinsdale,  near  the  creamery.  The  rock  is  a  rosty  thin-bedded 
gneiss,  with  traces  of  a  layer  of  limestone,  now  almoat  wholly  changed 
to  a  coarse  salite-actinolite-graphite-calcite  rock.  A  shaft  waa  sank  16 
feet  deep  on  this  rook  in  1S85,  in  search  of  graphite,  and  later,  in  1886, 
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more  digging  was  done  at  the  same  spot  iu  search  of  iron.  The  a^ja- 
ceut  rock  is  exceptional  on  this  horizon,  and  resembles  the  Washington 
gueisa  which  aorrounds  the  basin  as  the  newest  member  of  the  {ffe- 
Oambrian  seriea.    It  Ilea  in  the  middle  of  the  anticline. 

On  the  eastern  road  of  the  square,  layera  of  Tery  dark  gneiss  carrying 
much  biotite  and  hornblende  alternate  many  times  wiUi  the  common 
gray  biotite-gneiss  and  are  shot  throogh  by  small  pegmatite  vmns. 

This  stractnre  is  very  characteristic  across  the  eastern  peak  of  the 
double  hill  already  mentioned.  Bands  of  the  two  rocks  only  3  to  10 
inches  thick  and  preeerring  their  widths  for  long  diabmces,  alternate 
regularly,  and  the  lighter  rock  weathers  more  easily  into  deep  grooves, 
biioging  out  strongly  the  continuous  strike  or  in  places  the  great  con- 
tortions of  the  bed.    This  bed  can  be  followed  south  about  2  miles. 

The  most  interesting  type  of  the  Hinsdale  gneiss  and  the  moEA 
accessible  outcrops  are  50  rods  north  of  Hinsdale  station,  on  the  west 
aide  of  the  railroad.  The  gneiss  resta  directly  upon  the  limestone,  the 
rocks  being  there  overtarned,  and  dipa  35°  SB.  It  ia  a  peculiar,  &esfa, 
coarse  gneiss  of  very  white  color,  although  it  contains  a  jet-black  biotite 
iu  considerable  qaantity.    (See  detailed  descriptiori  below.) 

These  rocks  seem  characteristic  of  the  horizon  just  under  the  lime- 
stone, and  there  ie  a  aimilar  curious  rock  developed  on  a  similar  horizon 
at  the  northwest  corner  of  tbe  square  of  roada  mentioned  above.  It  is 
a  coarse  fleah-coJored  gneiaa  made  up  almoat  wholly  of  feldspar,  with  a 
foliated  stmctore  imparted  by  widely  separated  streaks  and  flat 
blotches,  all  stretched  in  a  common  direction  and  containing  a  dark- 
green  fibrous  hornblende,  epidote,  and  dark-brown  titanite. 

StTvoture. — There  is  a  marked  prevalence  of  northerly  strikes  and 
moderate  easterly  dips  in  tbe  structure  plat^es  of  the  coarse  gneisses, 
and  when  separate  beda  can  be  traced  they  take  the  same  direction. 
This  agrees  with  the  posture  of  the  limestone  bed  which  surronnds  the 
Hinsdale  gneisa. 

If  the  limestone  bed  at  the  creamery  is  an  integral  part  of  the  series, 
it  is  not  improbable  that  the  whole  may  be  of  aedimeutary  origin.  It 
makes,  however,,  the  impression  of  a  very  ooarae  and  not  greatiy 
altered  granite. 


Biotite-mioroclme-gneiaa. — Fifty  roda  north  of  the  railroad  atation  at 
Hinadale  is  a  coarse,  white,  biotite-epidote-microcline-gneias  of  granu- 
lar texture.  In  its  lower  layera  the  freah  black  biotite  ia  in  widely 
separated  fllma  mingled  with  epidote  graina.  In  ita  upper  layera  tbe 
biotite  ia  aggregated  into  flattened  lenticular  biotite  epidote  masaea, 
placed  an  inch  apart  in  the  foliation  planea.  The  mass  of  the  rook  ia  a 
dull  white  mistnre  of  mach  feldspar  and  a  little  pale  bluish  quartz.  It 
containa  pyrite  in  small  pentagonal  dodecahedrons  and  submicroscopio 
zircons  of  a  dark  clove-brown  color.  The  feldspar  which  forms  nearly 
the  whole  mass  of  the  rock  ia  uniformly  mlorouline  iu  large  cleavage 
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pieces,  which  are  granalated  at  the  border  and  inoladed  in  broad  patchee 
of  the  gruialatloii  moBaic.  The  remaiDin^  fragments  are  strongly  and 
regolarlj  cnrred  in  the  cleavage  fiwes,  bat  show  no  trace  of  the  inter- 
growtii  of  albitio  bands.  Sections  parallel  to  OP  (001)  show  witt 
the  lens  small,  rounded,  opaque  spots,  which  on  examination  prove 
to  be  bodies  placed  in  the  Intersection  of  the  two  twinning  systans. 
They  are  eylindrical,  with  rounded  ends,  and  seem  to  be  muscovite  dya- 
tala  elongated  parallel  to  the  o  axis  and  alighdy  twisted ;  often  a  slight, 
lateral  pressure  has  changed  them  into  a  pile  of  orerlapping  acalea. 
An  immense  nnmbw  of  epidote  grains,  small  <Tyetals,  and  microlites, 
and  many  minute-lobed  plates  of  biotite  are  evenly  distributed.  This 
mnltitade  of  inclusions  oauaea  the  opaqne>«hite  look,  bnt  there  does 
not  seem  to  be  any  trace  of  kaoUuization  or  weathering.  It  is  epidotiza- 
tion  due  to  metamorphism  proper. 

The  feldspar  has  the  oomplete  mierocline  structure  and  pronoimced 
prismatic  cleavage,  and  large  patches  are  BtiU  nntwinned  mierocline. 

The  quartz  contains  a  few  short,  straight,  blaek  miorolitAS  unlike  tlie 
long  mtile  triofaitee  of  the  granites.  The  trains  of  cavities  are  very 
abundant,  and  often  run  tfarongh  several  grains  of  quartz,  suggesting 
crushing.  They  are  made  up  of  very  small  cavltiee  with  motioDless 
bubbles  unaffected  by  heat. 

Biottte-gneita  arid  granulite. — Following  the  railroad  a  few  rods  north 
from  the  outcrop  of  the  white  gneiss  described  above,  one  finds  in  the 
wall  of  the  railroad  cat  au.  outcrop  of  a  dark -gray,  stretched,  granitoid 
gneiss  of  more  normal  texture  and  somewhat  finer  grain  than  that  last 
described,  which  abounds  in  minute  garnets,  so  that  as  the  mioa  diaap- 
peata  from  some  layers  they  become  a  light-oolored  grannlite. 

Under  the  microscope  it  is  very  unlike  the  former  rock.  Mierocline  is 
almost  wanting,  and  the  maes  of  the  rock  is  a  quartz  mosaic  of  irr^u- 
lar  grain,  with  little  mierocline  and  orthoclase,  with  very  wavy  extinc- 
tion, and  with  a  triclinic  feldspar  near  albite.  The  dark  olive  biotite 
is  raveled  out  at  the  edges  and  changed  to  chlorite.  The  small,  round, 
red-brown  garnet  grains  are  generally  without  inclusion  and  are  noa- 
polarizing.  The  only  remarkable  peculiarity  of  the  rock  is  that  large 
grains  of  quartz  and  plagioclase  have  their  omiterB  full  of  blebs  of  gar- 
net, quartz,  and  biotite,  while  there  is  entire  freedom  from  nodules  or 
water  babbles.    There  is  every  sign  of  rapid  ciyetallization. 

Epidote-gneiaa. — Next  above  the  preceding  rook  is  a  coarser  gneisa,  in 
which  greenish  layers  of  biotite,  mixed  with  much  green  epidote  and 
seconduy  chlorite  in  broad,  distinct  sheets,  inclose  a  fine  granular 
mosaic. 

In  sections  cut  across  the  foliation  the  microscope  shows  this  mosaic 
to  be  made  up  of  elongate-opaque  patches,  with  intervening  transpaient 
portions.  The  latter  are  a  quartz  mosaic;  the  former  are  portions  of  a 
f^dspar  so  flUed  with  minute  pale-green  epidote  that  the  obu^cter  of 
the  feldspar  can  not  be  determined.    The  frequency  of  craAing  is 
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FlG.  1. — Hinsdale  goeiM,  ftom  n«»rl{.  B.  Wbltnum's  bonte,  in  the  northern  putof 
Ulnodale.  The  lighter  qnartz  )>«nde  u«  dntTn  vith  pal«rii«d  light  to  obtein  tb« 
banndariee  of  tiie  grains  in  the  moaalo.  The  darker  bands  of  plagioolaee  are  drawn 
with  ooDimon  light  to  obtain  a  dear  view  of  the  mlunte  epidote,  biotite,  and  ohlorite 
crystals,     x  U. 

Fig.  2.— Washington  gneiM,  Pern;  H.  A.  Meaelngsr  fami.  (Slide  F.)  The  grann- 
lar  bands  represent  a.  (lae  quartz-feldspar  tnosalc,  in  which  mnob  newly  fonaad 
mneoovite  is  regnlarly  dissemiDated  la  flue  soales.  The  intervening  bands  are  of 
limpid  qnartz,  which  ii  little  Qasared.  The  slide  is  drawn  with  polarized  light  and 
tbestrongnudnloeeeitinotionof  the  qoartz  bands  is  represented  by  shading.     X  14. 

Fig.  3.— Washington  gneiss,  Washington,  north  line  of  Pittafield  road.  Three 
banda  of  a  qaartz-feldspar-iunBODVite  mosaic  (F)  and  a  central  luotite-mnscovite 
band  (B)  are  separated  by  three  bands  of  blue  qaartz  (Q)  in  the  dotted  portion  of 
which  <Q')  the  blue  color  has  been  discharged.  A  well-defined  rhombohedral  cleav- 
age appears  in  part  of  the  qaartz.     x  3,  natural  light. 

Fia.  4.— A  portion  of  the  lower  part  of  the  apper-qoarti  band  of  fig.  3.  Hie 
dotted  portions  (Q')  do  not  show  the  bine  color,  but  are  not  otherwise  distinguish - 
able,  and  the  cleavage  lines  run  through  butb  portions.     X  U,  natural  light. 

Fto.  5. — The  above  slide  (fig.  i)  seen  witb  polarised  light,  showing  the  ooineidenee 
of  the  onuhed  and  colorless  portions  (Q')  and  of  the  parts  with  undnlose  exCincIian 
and  those  with  the  bine  color  (Q).  The  cleavage  lines  make  an  angle  of  7i°  inatwd 
of  94",  and  the  oblique  position  of  the  axial  cross  agrees  with  this  decrease  of  the 
cleavage  angle. 

Fta.  6.— Cyanlte  (K)  changing  to  moeoorite  (H)  with  included  garnets  (Q). 
Becket,  p.  SI. 
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shown  by  the  shMta  of  oavitiw  puBsiug  thnmf h  th«  fiurtE  gndos. 
Theae  cavities  rarely  show  babbles,  aod  only  the  smaJler  ahov  motlos. 
"When  heated  to  70o  G.  tbey  are  not  changed. 

Blue-guartz  gneias. — At  N.  B.  Whitman's  hoaae,  In  the  north  part  of 
Hinsdale,  is  a  granitoid  gneiss  (Fl.  I,  fig.  1)  in  which  the  small  distant 
aggregates  of  black  biotite  and  epidote  do  not  mnch  aid  the  foliation. 
Pyrite  is  abundant.  Bands  of  bine  qnartz,  about  1  to  3  millimeters 
vide  and  abont  twice  that  distance  apart,  ran  intermptedly  through 
the  rock;  tbey  have  crashed  borders  or  dissolve  entirely  into  a  whit» 
mosaic.  Between  these  is  an  opaqae  white  mosaic  of  feldspar  crowded 
fiiU  of  minnte  epidotes. 

The  quartz  mosaic  represented  iu  the  flgnre  by  the  two  broad  light 
bands  is  very  fresh.  Sheets  of  minute  pores  or  solid  particles  pass 
from  grain  to  grain.  Many  of  the  grains  have  a  delicate  wavy  extiDO- 
tioD.  The  feldspar;  which  crosses  the  flgnre  in  three  bands,  is  much 
coarser,  and  the  feldspars  are  uniformly  a  plagioclase  with  extinction  2 
degrees  to  12  degrees,  generally  very  low,  indicating  an  acid  plagio- 
clase. It  is  very  fresh,  and  the  small  sharp  epidote,  biotite,  and  chlorite 
crystals  are  spread  eveuly  over  the  field,  like  the  small  crystals  in  a 
micro  chemical  experiment,  giving  the  band  a  glistening,  satiny  look  in 
the  thin  section.  There  is  no  indication  of  decomposition,  but  rather 
of  an  original  formation  of  the  feldspar  mass  made  up  of  large  allotrio-  . 
morphic  grains,  a  Assuring  of  it,  a  subsequent  formation  of  bine 
quartz  it)  the  flsanrea,  and  a  later  mylonitic  eflfect  upon  the  whole.  It 
is  interesting  that  there  is  here  no  trace  of  miotocline  or  orthoclase, 
but  that  the  abundaat  growth  of  the  small,  sharp  epidote,  biotite,  and 
chlorite  crystals  appears  equally  well  in  the  plagioclastio  as  in  the 
microcliue- bearing  rock,  and  seems  in  both  to  be  a  result  of  intercrystal- 
lization  rather  than  a  seooudary  alteration  of  the  feldspar. 


In  the  more  regular  portion  of  the  syncline  aorosa  Hinsdale  bo  many 
ontoropB  of  the  rook  have  been  found  that  it  is  quite  certain  that  a 
heavy  band  of  limestone,  often  changed  iu  whole  or  in  part  to  amphibo- 
lit«,  steatite,  or  serpentine,  encircles  or  did  once  encircle  the  lowest 
gneisses.  It  is  marked  by  a  series  of  abandoned  limekilns,  and  before 
the  openingof  the  "  Western  Railroad  "  was  of  economic  value.  Several 
of  its  outcrops  were  mentioned  by  President  Hitchcock,  and  Professor 
Dana*  called  attention  to  the  locality  at  Hinsdale  Station  as  containing 
cliondrodite,  and  from  this  fact  assigned  these  rocks  to  the  Archean — 
that  is,  to  the  pre-Cunbrian. 

As  exposed  in  the  railroad  60  rods  north  of  the  Hinsdale  station  the 
limestone  is  a  very  coarse,  wholly  crystalline  rock — a  white  coccolit«- 
limestone  oontaining  graphite,  chondrodite,  phlogopite,  and  coccolite 
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JD  gnuBS,  aad  bWDbtonde  in  largw  muses,  some  of  which  are  a  fitot 
across.  Only  26  feet  is  exposed,  and  it  is  covered  by  tbe  coarae  Hinsdale 
biotite-i^eiss.  A  mile  soath,  where  the  faighw^;  ctohsm  the  rulroad 
near  a  bridge,  the  bed  reappears  and  continaes  for  a  long  distance  soath- 
ward  by  the  roadside,  more  thui  100  feet  in  thickoess  being  exposed. 
It  is  here  a  very  coarse  crystalline  limestone,  the  grains  often  dO  to  100 
mm.  across  and  multiple  tmnned,  with  crystals  of  bronzy  and  pink 
phlogopite  20  to  30  mm.  across,  and  black  to  pale-green  hornblende, 
clove-brown  pyroxene,  green  cocoolite,  graphit«,  and  pyrite.  It  is  in 
places  changed  into  great  masses  of  matted  pide-green  tremoUte,  and 
this  can  be  followed  a  long  way  soathward  as  a  very  impure  tremolitic 
limestone.  It  appears  as  a  phlogopite-limeetone  fiuther  soatfa,  at  the 
E.  Cheesman  place,  a  half  mile  west  of  tbe  next  railroad  crossing.  From 
this  ])oint  the  bed  la  covered  for  a  long  way  sonth,  and  I  have  located 
it  approximately  on  the  map  by  fixing  the  bonndary  between  the  cosrae 
Hinsdale  gneisses  and  the  upper  nisty  gneisses  and  also  by  the  ftwt  that 
its  coarse  ia  marked  by  abandoned  limekilns  and  ponds  and  swampy 
areas  where  it  has  been  deeply  dissolved.  In  the  second  cnt  sonth  of 
the  Hinsdale  station  are  great  bowlders  of  serpentine  which  came  from 
some  portion  of  the  bed. 

Jnst  east  of  Mnddy  Pond,  north  of  Washington  Station,  the  band  is 
represented  by  tbe  old  graphite  mine  of  Washington  (see  flg.  3,  p.  36), 
which  reminds  one,  except  for  tbe  size  of  some  constituents,  of  the 
graphite  vein  at  Tioonderoga.  It  contains  very  coarse  calcite,  graphite 
in  broad  hexagonal  plates,  coarse  white  salite,  ooaree  green  pyroxene 
and  hornblende  masses,  gioaps  of  finely  terminated  pistachio-green 
pyroxene,  brown  sphene,  pericline,  adnlaria,  and  garnets,  followed  para- 
genetically  by  coarse  calcite  with  phlogopite,  and  this  by  quartz.  This 
has  been  opened  6  rods  along  tbe  strike  and  a  shaft  sank  25  feet. 

A  hnndred  yards  of  a  fine-grained  compact  gneiss  containing  mnch 
ilmenite,  whleb  I  associate  with  tbe  older  gueias,  separates  this  deposit 
from  a  thin  bed  of  limestone  on  the  east;  these  two  beds  can  be  traced 
sonth,  and  cross  the  road,  beneath  tbe  two  most  easterly  houses  on  it, 
as  two  beds  of  ampbibolite.  Sonth  of  the  pond  the  oatorops  are  good, 
and  bnt  a  single  bed  of  a  pjrroxene-hornblende  rock  can  be  fonsd  as 
the  representative  of  the  united  beds,  and  this  swells  and  contracts  in 
a  series  of  great  bunches,  doe  to  the  removal  of  most  of  the  limestone 
by  solution. 

A  remarkable  oatcrop  occnrs  in  tbe  eastern  baud,  60  rods  west  of  the 
boose  of  O.  Bills  and  150  rods  east  of  tbe  southernmost  railroad  cross- 
ing in  Hinsdale.  Here  great  layers  3  feet  thick  are  made  np  alnoosl; 
exclusively  of  red  chondrodite  and  bright-green  clinocblore,  the  latter 
in  plates  np  to  an  inch  across,  and  the  change  into  serpentine  and  talc 
bas  taken  place  on  a  lai^e  scale. 

Farther  north,  at  Biver  Bend  Farm,  below  tbe  mill  pond  on  tbe 
Hoosatonio  branch,  tbe  limestone  ia  exposed  at  tbe  sawmill  with  a 
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thioknesB  of  900  feet  and  the  base  is  not  seen.  At  top  the  bed  is 
changed  into  a  oompaet,  firm,  granular,  apple-green  talc  for  a  thickneaa 
of  SO  ftet,  and  dark -gray  slaty  serpentine  appears  here  also  in  bowlders. 
It  is  divided  by  a  narroT  band  of  gneiss.  The  llmestoue  is  marked  by 
distant  partings  of  phlogopite  and  mach  of  it  is  a  fine  white  marble, 
faiutty  banded  by  dark  intermpted  streaks.  Other  extensive  outcrops 
occar  &rtfaer  north,  bat  add  nothing  to  the  petrographical  character- 
istic of  the  rock. 

The  bed  can  be  traced  ap  to  the  soatbeni  end  of  the  Ashmere  reser- 
voir, and  the  long,  deep  depression  occnpied  by  this  pond  may  be  taken 
as  its  contin nation,  and  the  mins  of  an  old  kiln  may  be  fi>and  jost 
beyond  the  north  end  of  the  pond,  on  a  rosty  CEUcite-garnet-bomblende 
rock. 

A  mile  and  a  half  north,  on  the  northern  branch  of  the  Hoosatonic, 
is  K.  Gady's  lime  pit.    Extensive  excavations  have  been  made  in  a  bed 
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of  coarse  limestooe  which  has  strike,  IT.  20°  E.,  dip,  45°  E.  at  its  south 
end,  and  strike,  N.  1(K>  W.,  dip,  66°  E.  at  tiie  north  end,  where  the  bed 
is  83  feet  tbiek,  inclading  one  rod  of  coarse  homblende-gneiBa.  The 
limestone  contains  ninch  hornblende  and  phlogopite.  One  layer  of  a 
dark  amphibolite  is  two  inches  thick  with  the  bedding. 

A  moat  interesting  outcrop  occurs  farther  north  on  the  Hinsdale- 
Windsor  road  at  the  iron  bridge.  This  ia  at  the  apex  of  the  north- 
eastern lobe  of  the  limestone.  (Fig.  1.)  A  sharp  fold  of  the  overlying 
gnefssea  exposes  the  limestone  in  a  narrow  band  which  runs  up  fi^im 
the  last  locality,  and  whose  apex  is  exposed  here  on  the  bank  of  the 
brook.  The  older  gneiss  upon  which  the  limestone  rests  appears  beneath 
the  lifter  at  the  level  of  the  brook  and  the  newer  gneiss  (the  dark  Lee 
gneiss)  arches  with  many  foalts  over  the  coarse  white  limestone,  and 
it  ia  very  clear  that  there  has  been  moch  solution  of  the  latter  and 
a^instment  daring  the  folding  of  the  rocks.  The  Lee  gneiss  ia  a  white 
crushed  gneiss  with  large  blotches  of  hornblende  and  allanite.    The 
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Bllaoite  is  especially  abandant  beneath  the  bridge,  and  the  hornblendic 
rock  appears  as  a  thick  bed  of  a  maseive  black,  heavy,  white-spotted 
gneiss  Id  the  flue  cliff  across  the  road  to  the  vest. 

To  the  west  of  this  ootcrop  is  the  high  hill  of  black,  enunpled, 
fine-grained  mica-schist  (phyllite).  The  lobe  of  pre-Oambrian  rocks 
which  mns  up  the  east  side  of  this  hill  is  matched  by  a  similar  lobe 
running  up  the  west  side,  and  the  curved  reservoir  pond  seems  to  lie  in 
the  (ontinaation  of  the  limestone. 

The  dam  at  the  outlet  of  the  pond  is  a  wavy  bed  of  dark-green 
amphibolite,  which  still  contains  a  central  band,  1  to  5  feet  thick,  of 
ooarse  crystalline  limestone. 

A  little  farther  down  the  brook,  and  easily  reached  by  a  footpath  from 
the  Windsor  or  Wakonah  Falls,  is  an  extensive  bed  of  steatite.  Here 
the  limestone  bed  has  changed  throngh  aotinolite  into  steatite  (fig.  2), 
and  the  inflaeoce  of  the  removal  of  the  limestone  is  clear.  The  steatite 
has  been  worked  ont  of  great  chambers,  the  back  walls  of  which  are 
composed  chiefly  of  gneiss.     The  gneiss  layers  can  be  seen   to  be 
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very  complexly  corrugated  in  the  immediate  vicinity  of  the  steatite, 
and  at  the  left  of  the  figure  they  bend  at  right  angles  and  ran,  with 
many  corrugations,  down  the  whole  end  of  the  steatite  bed,  cnttang  it 
off  completely.  The  strike  here  is  K.  30°  E.  with  the  plane  of  the  fifnire, 
and  tbedipisSO^E,,  or  from  the  observer.  The  gneiss  is  the  white  and- 
black  banded  Lee  gneiss.  Its  position  plainly  indicates  that  it  has 
been  crashed  in  around  the  remnant  of  the  limestone  bed  spared  fit>in 
solution  and  sharply  fonlted. 

Upon  following  the  hmeetone  S.  30°  W.  a  half  mile,  to  the  point  where 
it  mns  into  Dalton  and  crosses  the  east-and- west  road  sooth  of  P.  Mitoh- 
eVs,  it  is  seen  that  the  boundary  line  soon  begins  to  be  marked  by  a  great 
number  of  serpentine  bowlders.  Thirty  rods  north  of  the  residence  of 
D.J.  Pratt  a  greatbedof  serpentine  3^  rods  wide  has  beenqaarried  and 
is  exposed.  It  is  very  dolomitic  and  slaty;  mnch  of  it  is  still  matted 
tremoliteand  actinolite.  It  sometimes  shows  a  rich  nickel-green  color, 
but  is  mnch  flssnred  and  worthless. 

From  this  point  the  limestone  bed  is  concealed,  and  I  have  followed 
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it,  by  bovldera  and  by  the  strike  of  the  acyaoent  rocks,  tax  a  lon^  dis- 
tance aoatbeast.  It  oranpies — and  its  removal  has,  I  think,  cansed — 
the  deep  depresaion  at  the  north  and  east  foot  of  the  high,  rocky  hill  a 
mile  north  by  east  from  Hinsdale  Center. 

The  bed  appears  beside  the  western  road  of  the  square  mentioned  in 
tlesuribing  the  gneiss,*  in  a  deep  excavation  several  rods  long,  with  an 
exposed  thickness  of  20  feet.  The  black  Lee  gneiss  is  in  place  just 
west,  and  to  the  east  is  the  pecnliar  titanite  gneiss  mentioned  on  page 
23.  The  limestone  is  a  very  pnre  white,  coarse  crystalline  rock,  with 
small  bright  coccolite  grains  and  mnch  shining  black  mica.  It  is 
|)ecnliar  that  this  mica  is  arranged  in  long  streaks  and  blotches  in  dis- 
tant planes  and  exactly  simulating  the  white,  stretched  gneiss  which 
occors  BO  commonly  just  below  the  limestone. 

It  is  not  nntil  we  reach  the  blind  road  which  rnns  np  onto  the  hill 
from  near  Qie  cemetery  at  the  center  of  Hinsdale  that  we  again  come 
CO  ledges  showing  traces  of  the  limestone  band;  bat  the  Lee  gneiss, 
which  is  its  constant  associate,  can  be  followed  almost  continaonsly  in 
the  high  ground  of  the  bill  In  the  head  of  the  brook  tted  east  of  the 
second  house  on  this  road  appear  great  bowlders,  apparently  almost  in 
place,  of  an  actinolite-limestone  which  fixes  the  position  of  the  bed. 


Ckondrodite-limegtone. — ^At  Hinsdale,  north  of  the  railroad  station,  is  a 
limestone  which  ranges  in  color  from  white  to  pink,  a  rather  coarse 
(grains  3-5  mm.),  highly  crystalline  rock,  with  a  certain  trauslucency 
in  the  grains  which  immediately  distiugoishes  it  from  all  the  other 
limestones  of  western  Massachusetts  and  allies  it  to  the  limestones  of 
the  Adirondacks. 

It  carries  coccolite,  phlogopite,  biotate,  aotinoUte,  chondrodite, 
pytite,  and  magnetite.  Generally  the  coccolite  or  the  chondrodite,  or 
both,  are  so  abundantly  and  evenly  scattered  throngh  the  mass  that  it 
deserves  the  name  coccolite-limestoue  or  cbondrodite-IimestoDe,  and 
the  accessory  minerals  are  so  arranged  as  to  give  the  mass  a  distinct 
foliation,  especially  where  the  chondrodite  and  biotite  predominate. 

The  chondrodite  is  disseminated  through  the  rock  in  yellow  patches, 
elongate  and  parallel  to  each  other,  and  as  in  places  it  changes  into 
black  patches,  by  the  admixture  of  a  green  mica  and  magnetite,  the 
resemblance  to  the  boltonite  from  Bolton,  Massachusetts,  is  striking, 
especially  in  specimens  of  the  latter  which  are  changing  to  serpen- 
tine. In  large  masses  it  is  a  rich  deep  red,  like  the  chondrodite  from 
the  Tilly  Foster  mine.  Under  the  microscope  the  patches  of  the  min- 
eral are  seen  to  be  composed  of  crystalline  grains,  fresh  and  free  from 
inclusions  and  wrapped  around  by  scales  of  a  pale-green  micaceous 
mineral,  without  any  indication  that  the  one  mineral  has  been  derived 
*  from  the  other.    The  mineral  shows  strong  dichroism,  honey-j^ellow  to 
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deep  red-brown.  Toward  the  surface  of  the  ledge  the  ehoHdrodite 
weathers  to  a  hooey-yellow,  opaque,  aerpentioouB  mass. 

The  phlogopite  is  in  amall,  thick  crystalu  with  rouoded  borders,  aad 
has  exactly  the  same  bronzy  color  iva  the  phlogopite  &om  Terapletoo, 
Canada.  Its  crystala  are  generally  aarronnded  by  a  band  of  flcales  of 
greenish-gray  biotite.  Both  minerals  are  fresh,  and  there  is  no  indic-a- 
tioDof  a  transition  of  one  intotheotiier.  It  has  often  a  beaotifal  peach 
blOBBom  oolor. 

The  biotite  is  often  in  black  scales,  at  times  in  isolated  ciyatals  with 
roanded  contours,  at  times  bordering  the  phlogopite  in  greenieh-gray 
matted  scales. 

The  pyroxene  occars  in  darb-green  grains  of  ooooolite  soattered 
tbroQgh  the  limestone,  and  in  8malI,stoat,  limpid,  emerald-greee  prisms 
in  the  pink  variety  of  the  rock. 

The  magnetite  occars  in  small  crystals  and  crystalline  grains,  often 
associated  with  thechondrodite;  the  pyrite  is  always  in  small  oomplez 
t^stals. 

An  analysis  of  a  specimen  of  this  limestone,  made  in  the  laboratory 
of  Amherst  College  by  Mr.  F.  H.  Fitts,  is  here  given: 

AnalgtU  ofBh«ndrodita-limeitoiu/ram  HintdaU  SfaUom. 


_  _   1--^; 
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Aetinolite-limeaUme. — Forty  rods  north  of  Hinsdale  station,  in  the 
canal  beside  the  stone  mill,  there  is  a  green  massive  rock  of  medinm 
grain,  showing  a  paler  green  massive  pyroTcne,  a  darker  green  fibrons 
hornblende,  and  mach  pyrite. 

With  the  lens  the  slide  shows  little  chlorite  and  mncb  epidote,  and 
iu  a  few  places  the  colorless  groand  appears.  Under  the  microscope  this 
colorless  groand  proves  to  be  a  mnoh-twinned  calcite,  into  whioh  the 
terminations  of  the  epidote  crystals  project.  Large  colorless  areas  of 
pyroxene  are  intergrown  with  the  hornblendic  mineral,  which  varies 
in  appearance  from  actinolite  to  tremolite. 

In  the  Massachusetts  survey  collection  No.  XY,  168,  is  a  vein  or  layer 
of  siliceous  calcite  in  gneiss,  labeled  "AngitJo  gneiss,  WasbingtoD, 
NW.  part."  It  contains  a  dark-green  flbroas  hornblende  in  la^ 
blades,  derived  apparently  &om  a  light-green  pyroxene  which  exists 
in  remnants,  and  also  &om  crystals  of  a  dark-brown  titanite. 
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i^B  ometaa. 

The  type  of  tlie  Lee  gneiss  is  fonitd  in  the  hill  oTerlooking  East  Lee 
on  the  northeast,  where  the  rock  is  a  heavy-bedded  black  gneiss.  It  is 
often  a  flat-banded  black  gneiss,  alternating  in  thin  layers  with  a  whit«, 
sngary  grannlite. 

The  most  accessible  ontcrops  of  this  rock  along  the  western  side  of 
the  area  are  in  the  bed  of  the  river  near  the  stone  mill  just  north  of 
the  Hinsdale  station.  The  light  and  dark  banded  gneisses  are  toagh 
and  granitoid,  and  abonnd  in  epidote  to  an  anoBaaJ  degree.  Several 
varieties  of  the  rock  can  be  stndied  at  this  locality : 

1.  A  light-gray,  flat,  and  thin-foliated  biotite-gneiss,  so  moch  like 
the  newer,  friable  Becfaet  gneiss  that  one  is  surprised  at  its  toughness. 

2.  A  coarser  gneiss,  with  the  greenish  biotit«  segregated  into  broad, 
distant  sheets  and  containing  thin,  lenticnlai  layers  of  a  coarse,  reddish 
granite.  Under  the  microscope  the  bands  of  granular  quartz  are  sep- 
arated by  bands  of  graonlar  epidote,  which  seem  to  have  wholly 
replaced  the  feldspar.  The  biotite  layers  often  contain  macb  epidote 
and  a  secondary  green  chloritio  mineral.  The  trains  of  pores  run 
through  several  quartz  grains  and  rarely  show  bnbbles;  only  the 
smaller  bnbbles  show  motion. 

3.  A  flesh-colored,  thin-foliated  gneiss,  with  greenish  films  and  mem- 
branes of  biotite,  breaking  with  much  difficulty  and  with  little  regard 
to  the  foliation.  This  grades,  by  the  entire  change  of  the  feldspar,  into 
a  quartz-epidot«  rook. 

The  Lee  gncias  occurs  in  fine  and  typical  development  in  the  high 
ridge  that  extends  2  miles  north  from  Hinsdale  cemetery.  It  inclndes 
heavy  ampbibolite  beds  and  alternating  bands  of  a  white  granolitio  , 
gneiss,  with  distant  blotches  of  hornblende. 

By  following  the  m^n  road  north  from  the  cemetery  a  little  way  past 
the  top  of  a  small  hill,  l,04<t  feet  high,  large  outcrops  may  be  seen  in  the 
open  field  to  the  left,  and  here  the  coarse,  white,  greatly  crushed  grani- 
toid beds  are  distinctly  blotched  by  biotite,  and  by  stretching  the  biotite 
is  extended  in  long  bands.  The  rock  abounds  in  bine  quartz,  while  one 
large  ampbibolite  layer  sends  off  apophyses  Into  the  gneiss  like  «a 
emptive.  Northward,  on  the  crest  of  the  hill  1,720  feet  high,  the 
exposures  are  abundant  and  the  true  sedimentary  stmctnre  is  found, 
together  with  the  secondary  foliation  produced  by  pressure.  The  two 
have  uniformly  the  same  strike,  and  the  latter  has  generally  a  lower 
dip  to  the  west  than  the  former.  At  the  quarry  opposite  the  entrance 
to  Windsor  Falls  the  rock  is  extremely  thin  and  fissile  and  superficially 
resembles  the  quartzita,  but  it  is  really  a  very  feldspathic  crushed  rock, 
and  carries  the  dark-green  amphitx)lit«  beds  which  are  common  in  the 
Lee  gneiss. 

On  the  Hinsdale- Windsor  road,  along  the  east  side  of  the  schist  area, 
the  rock  is  greatly  rotted  in  ledges  by  the  roadside,  and  a  little  beyond, 
at  the  iron  bridge,  it  contains  beds  of  a  curious  white  granulitic  rock 
BuU.  15B 3 
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with  coarse,  distant  iLomblende  blotches,  while  the  same  rock  appears 
in  picturesque  ledges  in  the  bluBs  to  the  vest. 

In  contrast  with  the  broad  area  in  the  western  limb  of  tfae  aDticIine 
north  of  the  Warner  Mountain  &nlt,  south  of  this  fault  the  Lee  gneiss 
has  a  thickness  of  only  20  rods  on  the  sorface,  and  is  concealed  from 
this  point  aonth  to  the  hill  three-fourths  of  a  mile  soatheast  of  Moddy 
Fond  (see  fig.  3,  p.  36),  where  it  is  typically  developed,  and  runs  aronnd 
south  of  Washington  Station  and  the  swampy  ground,  extending 
north  therefrom  in  such  a  way  as  to  render  probable  the  presence  of 
the  Hinsdale  limestone  to  the  north. 


Along  the  west  of  the  Hinsdale  anticline  the  higher  beds  are  faulted 
out  of  sight;  along  the  east  they  are  so  covered  that  the  Tyringbam 
gneiss  can  not  be  mapped  or  fonnd  with  certainty.  At  the  soath  end 
of  the  area  it  comes  in  with  great  force  and  in  most  interesting  and 
typical  development. 

At  the  deep  catting  south  of  Washington  Station  the  rock  is  a  gametif- 
erous  zircon-bearing  biotite-gndss  of  coarse  fibrous  or  woody  textore, 
rarely  containing  great  blotches  of  a  shining  black  hornblende.  Thebio- 
tite  scales  are  wrapped  around  long  quartz  pencils,  so  that  it  is  easy  to 
note  the  dip  and  yet  difScnlt  to  detect  any  planes  of  bedding.  This  peca- 
liar  structure  of  the  rocks  seems  to  be  an  extremeof  the  stretching  com- 
mon in  the  gneiss  of  the  Cambrian  series,  especially  east  of  the  Connect- 
icnt.  It  was  deformed  nnder  the  influence  of  compressive  forces  which 
permitted  fiow  in  a  single  direction  only.  It  weathers  into  a  mass  of 
quartz-feldspar  rods,  which  are  sometimes  several  inches  long.  This 
weathering  is  in  itself  qnite  exceptional.  On  the  hillside  above  the 
catting  and  along  the  road  going  south,  large  outcrops  of  the  rock 
appear;  it  is  ommbling  into  a  mass  of  coarse  granitic  sand,  and  in  the 
long  catting,  which  is  in  many  places  10  to  12  feet  deep,  the  decompo- 
sition extends  everywhere  below  the  bottom.  This  is  a  protected  por- 
tion of  the  pre-GIacial  weathering. 

The  wind  blows  the  decomposed  rook  away  like  saud,  exposing  quartz 
veins  and  leaving  large,  rounded  nnclei  on  the  surfat^e.  The  decom- 
position brings  oat  in  strong  relief  the  peculiar  structure  of  the  rock  as 
it  falls  apart  into  a  pile  of  quartz- feldspar  pencils,  or  long,  flat  rods — the 
ezpressioD  of  the  perfect  stretching  of  the  f^sb  rock. 


The  broad  outer  zone  of  this  large  anticline  is  formed  by  a  rasty 
graphitic  blue-qaartz  gneiss.  It  is  in  the  main  a  biotite-gneiss,  rusty 
fh>m  ttie  decomposition  of  pyrite,  pyrrliotite,  ankerite,  and  hornblendft 

It  has  associated  beds  of  a  heavy,  black  horublende-gamet-gneiss 
which  have  been  taken  for  emery,  and  in  the  whole  circuit  graphite  is 
a  never-foiling  accessory,  especially  iu  the  upper  portion,  and  it  is  occa- 
sionally so  abundant  as  to  tempt  mining.  '^  " '"    '        -"-■^\•^ 
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Another  eqaally  peraistent  and  very  enxioiis  oonstitaent  of  tbese 
gneiBses  ia  a  blae  qnartz  in  fiat  laminse,  1  to  2  millimeters  in  thickness, 
which  has  often  a  deep  tint  of  rich,  pnrpliBh  blae.  It  is  so  abundant  as 
to  form  more  than  three-foarths  of  the  mass,  and  famisheB  very  attract- 
ive cabinet  Bpecimeus.  Allanite  is  also  a  characteristic  and  abandant 
constitnent  of  the  rock,  especialty  in  its  npper  portion,  and  the  pnuk- 
ering  surrounding  its  black  or  red  cross  sections  constantly  calls  ntten- 
tioD  to  ite  presence  in  the  rock. 

In  every  part  of  the  circuit  of  this  anticline,  and  along  the  broken 
crest  of  the  Dalton  anticline,  I  have  never  failed  to  find  beneath  the 
next  succeeding  Cambrian  conglomerato-gneissea  all  these  charactoris- 
ticB  of  the  top  of  the  older  aeries.  Especially  down  the  eastern  side, 
tbe  area  above  the  limestone  is  marked  by  several  broad  bands  of  the 
msty  rocks,  with  intervening  bands  of  biotite-gneiss.  The  latter  lock 
is  often  BO  crushed  that  it  is  with  difBcnlf?  distinguished  &om  tbe 
Becket  gneiss  above,  bat  there  is  not  soch  a  complete  transition  ftom 
the  older  gneisses  into  the  white  gneiss'  as  that  described  in  the 
Hoosac  area.  The  msty  blue-quartz  gneiss  is  generally  a  membranous 
("  flftserig  ")  rock,  Nearly  continuous  sheets  of  mica  scales  wind  in  and 
oat  and  inclose  the  blue-quartz  lenses  and  laminie.  When  this  rock  is 
involved  in  a  crushing  later  than  the  formation  of  the  blue  qnartz, 
tbe  latter  becomes  gradually  disintegrated  at  the  edges  and  at  last 
changes  to  a  mosaic  of  small  grains,  and  the  pale-blue  tint  is  lost  in  the 
reflections  from  the  many  fissnres.  By  a  carelbl  search  one  can  nsnally 
detect  nuclei  which  show  the  color,  and  in  this  search  the  x)ocket  lens 
is  a  great  aid,  as  the  blue  color  is  thus  easily  distingnisbed  from  the 
blue  grays  of  the  qaartz  ftoni  the  granites  and  Oambrian  gneisses. 

Tbe  Washington  graphite  gneiss  is  absent  along  the  whole  western 
side  of  the  Byncline,  being  concealed  by  the  fault  and  by  the  westward 
thrust  of  tbe  body  of  the  syncliue  against  the  resistant  mass  of  the 
Dalton  syocliue,  until  the  south  boundary  of  the  latter — the  Warner 
Alonntain  fonlt— is  reached.  3oath  of  this  fault,  at  the  FInnkett  res- 
ervoir, the  Washington  gneiss  appears,  with  a  width  of  2  miles,  extend- 
ing from  the  top  of  Warner  Mountain,  where  the  Becket  conglomerate- 
^eiss  can  be  seen  dipping  beneath  it,  to  the  top  of  the  low  hill  which 
overlooks  the  great  limestone  bed  30  rods  south  of  the  bridge  a  mile 
south  of  Hinsdale.  Its  great  width  is  attributable  to  ite  low  dip  east- 
ward and  its  many  undulations.  It  gradually  narrows  soothward,  and 
in  the  high  hill  three-foarths  of  a  mile  west  of  Wasbington  Station 
it  bends  westward  aod  forms  the  great  loop  which  extends  west  past 
Washington  Center,  where  it  can  be  conveniently  studied. 

It  is  everywhere  a  coarse  muscovite-gneiss,  with  some  biotite,  and  so 
abounding  in  pyrite  that  it  rots  into  a  mass  of  rusty  fragments,  and  is 
nsnally  rnsty  externally.    The  content  of  graphite  in  clear  crystalline 
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scales  ia  iiearly  coaetaut,  and  its  amoont  mcreases  with  the  iDOrease  in 
the  rastiness.  When  not  crushed  it  aboonds  in  bands  of  blae  qaarts. 
sometimes  2  to  3  inches  thick,  which  disappear  with  iooreasiog  grana 
latiou.  TbiH  Kranalation  ^ves  a  peciUlar  sandy  look  to  the  rock, 
different  parallel  layers  of  crashed  qnartz  being  now  white,  now  rust?, 
as  thecmshedmass  was  inflaenced  by  the  rusting  of  thepyrite.  Small 
baods  of  impure  limestone,  now  mostly  ehanged  to  a  pale-green  salite- 
actinolite  rock,  appeiv,  and  the  graphite  is  often  so  concentrated  in 
them  that  they  have  been  mined. 

Such  a  bed  appears  in  the  brook  crossing  the  road  a  few  rods  west 
of  the  overhead  bridge  on  the  railroad  a  mile  south  of  Hinsdale,  and, 
as  a  line  of  big  salite-actinolite  bowlders,  can  be  followed  a  mile  £uther 
south  along  the  oreat  of  the  hill  above  the  big  limestone  bed. 

The  contact  on  the  Beoket  gneiss  ia  very  cleur  at  the  signal  station 
on  the  apex  of  Warner  Moontain,  the  highest  point  west  of  Hinsdale 
village,  bot  across  Washington  aud  Becket  to  North  Becket  the  Wasb- 
ingtoD  gneiss  is  much  of  the  way  wholly  crashed  and  the  blae  qoaitz 
destroyed,  and  In  many  beds  the  content  of  pyrite  is  smalL    Where 


Fill.  3  — SwUoa  Kt  iBwl  mine  aul  of  Wublogtoa  StMloa.  Cb,  white  ftiable  bloUM-giMiB  (B«ket 
gDciM)  I  Awl,  wbiM  hornbJeDde  ipotted  gaelH  < Wwhlngtoa  gDBlu) ;  A.W'.  gnuiollle  (gunetciHlHi  -, 
Av'.nutjgrKpbLte-gDsiH;  At.Bti«tched  blstlta-gnalii (TyriDgluun gociul i  ALIIsbt-gr^blotila- 
gnalM  (LMennlfii};  L,  lliuMloDe;  A,  unpblbollte. 

this  is  the  case  the  graphite  is  rare,  for  graphite  and  pyrite  go  together. 
Along  this  line  the  liecket  gneiss  is  exceptionally  crystalline  and  coarse 
grained,  so  that  it  is  with  difficulty  distlngaishoi  f^om  the  Washington 
gneiss.  The  Becket  gneiss  is,  however,  a  pore  biotite-gneiss  carrying 
many  large  garnets,  which  are  absent  in  the  Washington  gneiss,  and 
it  is  rare  that  a  ledge  of  the  latter  will  not  ftirnish  considerable  graph- 
ite. Along  the  east  side  of  the  area  the  country  is  covered  by  snrfictal 
deposits,  and  the  last  place  for  study  is  east  of  Washington  Station, 
where  the  outcrops  are  abundant. 

Following  the  road  from  the  station  a  mile  east,  to  a  point  where  it 
runs  north  and  south,  north  of  a  small  pond  we  find  the  road  to  be  the 
boundary  between  the  Becket  on  the  east  and  the  pre  Cambrian  on 
the  west.  O^iog  over  the  great  bare  hill  we  have  the  following  section 
ending  with  the  lead  mine  and  giving  thewhole  thickuessof  the  Wash- 
ington gneiaa  (PI.  I,  fig.  3).  The  great  beds  of  white  gneiss  are  qnite 
exceptional  and  are  exceedingly  like  the  Cambrian  at  first  view.  They 
are,  however,  more  feldspathic,  and  their  scanty  black  coustituent  is 
mainly  hornblende. 
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Blue-quartz  fpieias. — At  Pera,  near  the  residence  of  H.  A.  Messioger, 
a  mite  northeast  of  tbe  bridge  over  Asbmere  reservoir,  there  is  a  rastif, 
flne-graiued  gneiss  (PI.  I,  &g.  2),  witb  little  mica  (biotlte)  in  distant  flat 
sbeetB  of  small  scales,  and  with  greasy  blue  quartz  in  giaius  and  flat 
plates  1  to  3  millimeters  thick,  which  often  coalesce  into  parallel  layers 
of  considerable  extent  These  layers  are  plainly  secondary  infiltrations 
in  a  flue  granular  groand  which  has  the  aspect  of  a  fine  gaudstone  or 
qaartzite,  while  they  have  much  the  position  of  the  quartz  blades  in  a 
graphic  granite.  In  a  plane  at  right  angles  to  the  dip  they  appear  as 
ronoded  or  slightly  flattened  ends  of  blades,  which  have  their  flat  sides 
in  the  foliation  plane  and  are  often  greatly  elongated  parallel  to  the 
dip.  Under  the  microscope  this  gronnd  proves  to  be  an  exceedingly 
floe-grained  mixture  of  quartz,  orthoclase,  microcline,  and  abnndant 
minnte  scales  of  mascovite;  and  it  is  sach  a  structure  as  may  have 
been  produced  by  the  crushing  of  granite  and  the  change  of  most  of  its 
feldspar  into  mascovite.  It  is  shown  in  three  bands,  of  varying  width, 
running  across  the  slide.  The  darker  shading  in  these  bands  repre- 
sents a  concentration  of  rnst  which  permeates  the  whole  layer. 

The  blue  quartz,  which  crosses  the  slide  in  four  bands,  contains  few 
minute  broken  rntile  needles,  rarely  cavities  containing  small,  rapidly 
moving  bubbles,  and  many  rudely  parallel  sheets  of  very  fine  cavities 
or  grains  of  some  unknown  mineral.  There  are  a  few  distant  Assures. 
It  shows  strong  nndolose  polarization,  which  appears  in  broad  patches 
of  deep  shade  elongated  witb  the  length  of  the  bands  and  moving 
across  them.  This  is  indicated  by  the  shading  of  the  bands  in  the  figure. 
The  whole  of  each  of  the  bands  of  the  blue  quartz  polarizes  as  a  single 
individnal,  however  large  it  may  be.  The  sections  were  cut  at  right 
angles  to  the  foliation  and  about  parallel  with  the  dip  or  stretching  of 
the  rock.  It  is  interesting  that  in  each  case  they  are  cut  at  right  angles 
to  the  optical  asis,  and  the  slide  can  be  moved  from  one  end  to  another 
of  the  blue  quartz  bands,  1  to  2  millimeters  wide  and  15  millimeters  long, 
and  the  optical  flgnre  remains  sharply  defined,  regular,  and  ancbanged. 

A  fragment  heated  for  a  long  time  with  the  bellows  blowpipe  retained 
its  color  without  perceptible  change.  Even  in  the  thin  section  the 
quartz  shows  a  rich  blue,  like  a  fluorescence,  when  examined  by  trans- 
mitted light  and  without  a  iens. 

At  Washington,  on  the  north  line  of  the  road  to  Pittsfleld,  there  is 
a  coarse  membranous  biotite-mnscovite-biue-quartz-gneiss  (PI,  I,  figs. 
3-5).  Broad  continuous  films  or  membranes  of  fine  scales  of  biotite 
and  muscovite,  one  of  which  nins  throogh  the  middle  of  the  figare 
(which  represents  a  transverse  section  ot  the  rock),  wrap  around  lay- 
ers or  lenses,  fiy>m  a  half  inch  to  an  inch  wide,  of  a  floe  granular  buff- 
colored  mass,  or  around  feldspar  aogen.  This  granular  mass,  which  is 
shaded  in  the  figure,  is  a  quartz  mosaic  with  very  many  regularly  dis- 
tributed muscovite  crystals  replacing  moat  of  the  feldspar^ .,-^,^ 
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The  blae  qaartz,  in  grains  or  flat  lenses,  shows  a  preference  fox  a  posi- 
tion between  the  membranes  of  mica  and  the  fine  grannlar  groand- 
mass,  and  seems  to  be  a  late  addition  to  a  cmshed  biotite-gneisa.  Id 
the  figure  the  bine  quartz  separates  the  mica  film  from  the  granular 
mass  on  both  sides.  It  contains  broad  sheets  of  small  grains  and  pores, 
with  moving  refractile  babbles  and  few  cracks.  It  shows  aodolose 
extinctioQ,  which  is  represented  by  the  soft;  shading  npon  PI.  I,  fig.  3. 
Each  band  is  a  single  crystal,  at  least  for  a  long  disCanoe,  and  in  the 
broad  band  at  the  bottom  of  the  figure  the  slide  was  moved  S  mm. 
without  any  movement  of  the  axial  cross. 

The  most  striking  and  instmctive  things  aboat  the  slide  are,  first, 
that  the  blae  qaartz  shows,  in  spite  of  its  great  thianess,  an  opalescent 
blue  color  almost  aa  clear  as  in  the  hand  specimen,  and,  second,  that 
the  blue  color  is  absent  in  irregular  spaces,  mostly  along  the  borders, 
though  the  qnartz  does  not  show  any  other  disUngnishing  featore  and 
Is  only  rarely  separated  from  the  rest  by  a  visible  fissure. 

In  fig.  4  of  the  plate,  which  is  an  enlargement  of  the  lower  portion  of 
the  opper  qaartz  baud  in  fig.  3,  the  colorless  portioas  are  distinguished 
from  the  rest  by  being  dotted  and  by  a  dotted  boandary.  In  fig.  6  of 
the  plate  tbe  same  is  drawn  with  crossed  niools,  and  It  is  seen  that  the 
portions  wbich  were  colorless  appear,  in  polarized  light,  broken  Into  a 
mosaic  whose  grains,  being  relieved  frvni  tension,  polarize  with  sharp 
nniformity,  while  the  blue  portions  show  strong  andulose  extinction,  as 
is  indicated  by  the  central  shading.  It  is  thns  qnite  evident  that  the 
blae  color  is  dne  to  strain,  wbich  is  effective  in  a  very  thin  layer,  and 
that  the  strain  is  relieved  and  the  color  discharged  by  the  crashing  ot 
the  mass  to  a  mosuc. 

It  is  carious  that  a  doable  aeries  of  rhombohedral  cleavage  lines  runs 
through  the  broadly  crashed  portion  figured  and  extends  beyond  it  into 
the  ancrushed  jwrtion  without  relieving  the  tension.  The  qaartz  is 
often  crushed  at  the  border  and  even  clear  into  the  center,  bat  with  the 
lens  the  blue  color  can  be  seen  until  the  crashing  is  complete. 

I  first  found  these  blue  quartzes  as  grains  in  tbe  gneissoid  Upper 
Devonian  couglomerates  of  the  Bemardston  series  in  West  itforthfield. 
Soon  after  beginning  the  study  of  the  pre-Cambrian  around  Hinsdale 
I  remarked  the  constancy  of  tbe  blue  qnartz  as  a  characteristio  of  the 
pre-Gambriao  rocks  of  the  region.  On  visiting  Professor  Wolff  I  found 
that  be  had  noted  the  same  thing  and  had  made  microscopical  exami- 
natiooB  of  the  rocks,  and  thought  that  the  structure  might  be  caused 
by  strain;  bat  he  does  not  discnss  the  matter  iu  the  final  report.' 

Later,  on  examining  crystalline  rock  from  the  southern  Appalachians 
at  the  Survey  office  in  Washington,  I  was  struck  by  the  prevalence  of 
the  same  lavender  color  in  the  qaartz;  and  flnally,  in  a  collection  of 
rocks  from  Smiths  Sound,  in  the  Arctic  region,  obtained  by  Hayes  and 
presented  to  Amherst  College,  I  found  a  large  specimen  of  the  finest 
bluen^aartz  gneiss  I  have  ever  seen.    It  is  a  rich  deep  blue,  like  the 
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finest  cordierite,  and  is  in  a  layer  more  than  an  inch  tbiok  extending 
across  a  large  specimen,  I  have  obeerred  the  same  thing  in  the 
Archean  gneiss  at  Gutvageu  in  Korway,  in  porphyries  in  Finland,  and 
in  the  granites  and  quartz-porphyries  vhidi  extend  from  Marlboro, 
Massachosetts,  to  Providence,  Rhode  Island. 

It  is  a  peculiarity  of  this  coloring  that  it  is  best  observed  with  a 
lens,  which  detects  iinmediately  if  it  is  the  trae  color  of  the  quartz  and 
nob  a  grayish  blue  depending  npoii  impurities  or  some  fine  corrugation 
of  tbe  surface. 

The  foregoing  facts  concerning  the  crystalline  continuity  of  the  bine 
quartz  layers  aud  lenses  for  considerable  distances,  their  strained 
appearance,  and  their  tendency  to  form  on  one  side  of  the  mica  films, 
or,  as  in  tbe  center  of  PI.  I,  flg,  4,  on  both  sides,  make  it  probable  that 
they  have  entered  into  the  composition  of  the  roek  at  a  somewhat  late 
stage,  and  have  since  been  only  partly  crushed  and  incorporated  into 
the  general  mylonitic  mosaic 

An  antecedent  state  of  many  of  these  rooks  may  have  been  a  well- 
omshed  biotite-gneiss,  and  it  is  interesting  to  see  how  diverse  the 
crashed  masses  are  in  the  preceding  examples. 

In  one  case  the  rock  is  a  large-graioed  plagioclase  mass,  regularly 
crowded  with  small  sharp  epidotes;  in  another  it  is  almost  all  micro- 
dine,  similarly  but  not  so  abundantly  filled  with  epidot«;  iu  another 
case  the  epidotization  is  carried  so  far  that  little  feldspar  remains;  in 
still  another  the  crushiiig  has  changed  the  larger  portion  of  the  feld- 
spar iuto  a  mass  of  small,  stout,  muscovite  crystals. 

Except  when  the  large  and  strongly  warped  cleavage  faces  of  the 
feldspar  appear  still  nncrnsbed,  this  ground  has  a  very  clastic  appear- 
ance and  the  blue  quartz  seems  to  be  connecting  thin  bands  of  a  firm 
q  u  artz-  saiidstone. 

This  structure  in  the  gneiss  illustrates  a  tendency  of  the  quartz  to 
nndergo  torsion,  or  bending,  rather  than  to  become  granulated  under  a 
pressure  which  would  completely  crush  the  other  constituents. 

DAI.TON  A.HTICLINB. 

This  is  a  normal  flat  arch  with  the  Cambrian  conglomerate-gneiss 
worn  off  from  the  crest,  exposing  the  upper  portions  of  the  pre-Cam- 
brian,  (See  fig.  4,  p.  40.)  Tbe  crest  of  the  arch  runs  south  from  Dalton 
along  the  top  of  Warner  Mountain,  tbe  north  eud  of  which  is  in  Dal- 
ton cajled  Day  Mountain,  and  near  tbe  line  between  Dalton  and  Hins- 
dale. 

Tbe  site  of  the  Dalton  clubhouse,  a  mountain  house  on  the  top  of 
the  high  flat  hill  overlooking  the  Dalton  railroad  station,  1,340  feet 
above  sea  level  and  three-fourths  of  a  mile  south  of  Dalton,  is  a  con- 
venient landmark  by  which  to  find  this  most  interesting  contact  of  tbe 
conglomerate  upon  the  older  gneisses.'    The  clubhouse,  locally  called 
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"tbe  Ohalet,"  in  now  removed,  bat  the  foundatioiis  still  remain,  and 
tlie  road  can  be  folloved  from  the  station,  the  clearing  making  a  notcb 
in  tbe  woods  at  the  top  of  the  mountain  visible  trom  Dalton. 

The  pre-Gambrian,  at  tbe  contact  a  few  rods  soatheaet  of  tbe  clab- 
honae,  is  a  fine-grained  crashed  granulitic  giieiss,  bat  abundant  beds 
of  tbe  rasty  blae-qaartz  gneiss  come  in  jast  east  of  this.  Farther 
Booth  the  blue  quartz  is  every whefe  abundant. 

Along  the  boundary,  going  southwest  t^  the  brook  which  raus  tbrongb 
the  pasture  south  of  the  clnbhouse,  allanit«  is  an  exceedingly  abun- 
dant accessory  in  tbe  gnei88,.a  dozen  crystals  often  appearing  in  a 
single  hand  specimen.  It  is  especially  abandant  near  a  large  tree  at 
the  middle  outcrop  of  the  brook  bed,  indicated  in  tlie  figure. 

A  little  farther  up  the  brook  bed  ia  a  very  pecnliar  granular  qaartz 
rock  containing  considerable  feldspar  and  calclte  in  large,  rounded 
balls,  olten  3  to  4  inches  across,  which  consist  of  one  or  a  few  crystals 
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and  show  very  large  cleavage  surfaces,  presenting  tbe  finest  twin  stria- 
tion.  These  balls  are  sometimes  blended  into  masses  of  very  coarse 
marble  as  large  as  a  man's  head.  There  is  much  pyrrhotite  developed, 
especially  along  the  borders  between  calcite  and  quartzite,  and  biotite 
also  occurs  in  the  calcite. 

At  the  south  end  of  the  mountain  ridge  tbe  pre-Cambrian  terminates 
in  a  fine  bluff  overlooking  tbe  Warner  Mountain  or  9outh  Dalton  fault. 
At  the  southwest  corner  it  dips  under  well-marked  Cambrian  conglom- 
erate-gneiss and  shows  heavy  hornblende-gneiss  beds  in  graphitic  blne- 
qnartz  gneiss.  The  southeast  corner  is  tbree-fourths  of  a  mile  N.  20° 
W.  of  the  signal  house  on  the  top  of  Warner  Mountain,  and  the  sudden 
ending  of  tbe  blue  qnartz  gneiss  against  the  fault  is  clearly  exposed. 

The  schist  nptbrusts  in  tbe  Stockbridge  limestones,  which  are  promi- 
nent farther  north  and  disappear  in  tbe  latitude  of  Pittsfleld,  opposite 
the  Dalton  anticline,  the  lesser  folding  of  these  limestones  compensatitig 
for  the  Dalton  anticline. 
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A  remarkable  linear  outcrop  of  the  Hiosdale  lime-  | 

stone  7  miles  long .  lias  cut  througli  tbe  Gambriau  » 

gneisses  like  a  knife,  from  Factory  Hollow,  in  Middle-  » 

field,  to  the  soutii  part  of  Becket.    It  is  bonaded  £ 

everywhere  by  faults,  is  accompanied  by  only  narrow  e 

selvages  of  the  pre-Oambriau  gneisses,  and,  nnhke  all  | 

the  other  outcrops  of  the  limestone,  forms  a  series  of  g 

higb,  steep  ridges.     It  is  best  exposed  a  mile  north-  I- 

west  of  Bancroft  Station,  in  Middlefleld,  where  the  g 

Boston  and  Albany  Railroad  cuts  off  a  loop  of  tbe  g 

Westfield  River  and  Coles  Brook  enters  this  loop  from  > 

the  north.    The  (Jambrian  gneiss  overlaps  the  pre-  Z 

Cambrian  unconformably  on  either  side.'  e-  f 

The  white  Cambrian  conglomerate- gneiss  in  syncli-  |  g 

Dal  postnre  monnts  unconformably  on  tbe  older  Lee  1. 1. 

gneiSK,  which  consists  of  a  great  thickness  of  a  wavy  -*  g 

bedded  gneiss  of  fine  grain  and  almost  black  from  the  5  f 

abundance  of  black  biotite.         *  I  ? 

The  Lee  gneiss  abnts,  apparently  by  a  fault,  cer-  &  | 

taiuly  by  a  wholly  abrupt  transition,  upon  a  band  of  |_  g 

the  coarse,  white,  almost  micaless  Hinsdale  gneiss,  |  ^ 

with  iridescent  feldspar,  which  is  ^3  feet  wide  below  ^  ? 

but  narrows  above.  1-^ 

This  is  followed  by  a  bed  of  white,  thin-bedded,  ?»  P 

highly  crystalline  limestone  oO  feet  wide,  with  thin  ^| 

Alms  of  serpentine,  which  is  separated,  by  lOS  feet  of  s  - 

the  same  dark  Lee  gneiss,  from  a  second  baud  of  simi-  |  =: 

lar  limestone,  of  which  only  'J9^  feet  are  exposed,  s  » 

The  partial  serpentinization  of  the  chondrodite  has  "?  % 

here  prodnced  a  yellowish  verdantique  which  far-  I  t. 

Dishes  very  beautiful  hand  specimens  and  might  be  tv 

useful  for  ornamental  work.  ?  g 

Following  this,  in  the  brook  bed  at  bridge  142  and  I- 

in  the  railroad  cut,  is  a  large  mass  of  the  dark  gneiss-  Z 

carrying  beds  of  hornblende-schists,  nntil  we  come  to  g. 
tbe  fourth  telegraph  pole  from  bridge  li'2,  upon  the 

fine  unconformity  where  the  con  glomerate- gneisses  Z 

mount  the  dark  pre-Cambrian  gneiss.  u 

Between  this  point  and  M  iddletield  Station  the  cut-  s. 

tings  expose  a  long  extent  of  contorted  and  twisted  ^ 

rocks,  mostly  of  Cambrian  age,   the   beds  swinging  | 

round  from  horizontal  to  vertical  within  a  few  feet.  g 

Gradually  a  low  dip  eastward  predominates,  which  * 

becomes  steeper,  and  a  band  of  hornblende-gneiss  10  ir      _  „ 

■  Ths  irhole  iMtlaD  Is  BKurrrl  and  dexi^Hbcd  liy  theinthorla  Mou.  U.S.  Ow>L  Survey,  Vul.  XXIX, 
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feet  vide  sets  io,  while  at  the  signal  hoase  a  boss  of  coarse  Hinsdale 
gneiss  and  calcareous  salite-actinolite'Schist  protrodes.  East  of  the 
unconformitf  all  is  Becket  gneiss,  except  the  few  horubleu(le-£iieis8 
masseH  and  the  last-mentioned  boss  of  Hinsdale  gneiss,  which  are 
brooght  just  above  the  railroad  level  by  the  andolations  of  the  Bectet 

1  be  followed  a  ooosiderable  distance  north  along 
the  brook,  and  it  gradually  passes  to  the  east  bank.  Its  most  uorthern 
outcrops  are  south  of  the  echoolhouBe  at  Factory  Village,  in  Middlefleld, 
and  theloDg  depression,  occnpied  by  the  pond,  which  extends  north  firom 
this  point  has  been  formed  by  its  aolation.  To  the  west  are  heavy 
hornblende- gneiss  beds  (Lee  gneiss). 

South  from  Coles  Brook  ttie  limestone  rises  in  a  great  hill  sooth  of 
the  Middlefield  railroad  station,  where  it  isSSOfeet  thick  and  is  inclosed 
in  a  fine  granulit«. 

Westward,  toward  Becket  Center,  a  ragged,  castle-like  ledge  of  calca- 
reous actinolite-gneiss,  mach  contorted,  forms  the  1h.re  crest  of  the  hill 
south  of  the  road,  and  just  east  of  this  ledge  is  a  bed,  75  feet  lliicfc,ofa 


Fio.B.— The  CdIm  Brook  Umfatone.  enlarged  from  Sg- 9. 

coarse,  well-bedded  chondroditio  limestone  standing  vertically.  It  is 
full  of  nodnles,  often  15  inches  across,  consisting  of  salite,  tremolite, 
titanite,  and  chondrodite.  Other  uodules  are  wholly  of  pale-greeu 
bladed  tremolite.  On  the  south  of  tbis  hilt  the  limestoue  is  erposed 
with  a  thickness  of  250  feet,  and  farther  south,  where  it  crosses  the  roail 
(at  the  house  of  Ellsworth  and  son),  it  is  660  feet  wide.  Where  it  crosses 
Walker  Brook  and  the  last  road  on  the  quadrangle,  the  limestone  is 
exposed  to  a  thickness  of  100  feet,  and  can  be  followed  south  across  a 
blind  road,  turning  south  fh>m  the  main  road  to  a  house  known  locally  ast 
"the  old  Conn  place."  Just  south  of  this  house  great  masses  of  the  bine- 
qnartz  graphite-gneiss  accompany  the  limestone,  which  can  be  traced 
but  a  little  way  farther  south,  as  the  Becket  gneiss  closes  in  on  it. 

The  limestones  of  this  locality  are  first  noted  by  President  Hitchcock 
in  his  final  report'  as  occurring  in  the  west  part  of  Middlefield  ou  Pon- 
tooenc  tnmpike,  on  the  railroad  at  the  month  of  Coles  Brook,  and  1 
mile  east,  in  the  southeastern  part  of  Becket  The  first  two  localities 
are  on  the  Coles  Brook  bed;  the  third  was  a  line  of  great  bowlders 
ttom  this  bed.    The  description  of  the  Hinsdale  Station  limestones 

■  IMl.  pp. Bl,  S5.  iiid »7.  .  --'--"-'j^s"- 
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given  on  pages  27-28  will  apply  wholly  to  those  of  this  locali^,  and  the 
change  of  cliroudrodite  into  serpeutiDe  may  be  better  followed  here. 
The  former  rock  is,  howerer,  coarser,  aod  the  included  miaeraU  are  in 
larger  indmdaals  and  therefore  better  fitted  for  mineralogical  stady. 

LIMESTONE  OK  THE  ALDBBMAN  FARM  IN  BBOEET. 

A  mile  east  of  Center  Pond,  in  Becket,  a  thick  bed  of  pre-Gambrian 

limestone  has  been  opened.    It  has  a  width  of  82  feet,  and  is  a  coarse 

ctiondrodite-pblogopite 

marble.    At  its  eastern 

contact  is  a  selvage,  4 

feet  wide,  of  pale-green 

or   partly  olive-green 

actiuolite  pyroxene  rock, 

which    consists    for  the 

most  part  of  a  loose  net 

work  of  coarse  actinolite 

blades,  with  some  large 

masses  of  pale-green  pyr- 
oxene   and    pyrite.     It 

contains  amethyst,  mneh 

titanite  in  the  usaal  flat 
crystals,  and  orthoclase 
in  small  well-formed  crystals  with  simple  forms,  rounded  edges,  and 
bine  opalescence.  The  bed  is  bordered  on  the  east  by  3  to  4  feet  of 
a  dark-banded  gneiss  of  the  type  of  the  Lee  gneiss,  and  the  whole  is 
inclosed  in  the  Becket  gneiss.  About  8  rods  sonth  (see  lower  section  of 
fig.  7),in  the  line  of  the  strike,  appears  a  great  bed  of  a  black  borablende- 
schiat,  which  rests  against  the  vertical  Becket  gneiss  on  the  east,  while 
the  same  gneiss  appears  in  its  proper  place  on  the  west,  the  interven- 
ing space  being  low  covered  ground.  This  hornblende-schist  seems 
clearly  to  be  the  continuation  of  the  limestone.  It  was  prospected 
qnite  extensively,  first  for  copper  and  then  for  emery.  A  study  of  tbin 
sections  showed  it  to  be  a  liomblende-biotitegarnet-gueiss,  with  little 
black  ore  and  much  leucoxene  and  plagioclase. 

GULF  ANTIOLIIfE,  DALTON. 

5orth  and  northwest  of  Dalton  the  conntry  rock  seems  to  be  entirely 
the  massive  quartzite,  but  going  north  by  the  second  wood  road, 
after  passing  the  highest  point  on  the  "Gulf  road,"  30  rods  from  the 
highway,  one  finds  outcrops  of  the  gray  Becket  gneiss.  Twenty-five 
rods  above  is  the  coarse,  fiesh-colored,  pre  Cambrian  biodte-gneiss,  with 
bine  qnartz.  This  can  be  followed  a  long  way  up  the  brook,  to  the 
point  where  the  main  wood  road  crosses  the  brook,  near  an  old  cellar  and 
80  rods  from  the  "Gulf  road."  The  pre  Cambrian  here  extends  west 
beyond  the  woods  into  the  open  pasture,  and  continues ip  thatdir^ticil} 
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acroBB  40  rods  of  Becket  goeiBS,  to  the  loDg,  bare  ridge  of  qnartzito 
wbicb  overlooks  tbe  railroad  on  the  west.  It  can  be  followed  still 
fiirther  iiortfa,  to  its  apex  oa  the  high,  bare  bill,  at  an  altitude  of  l,7:St 
feet.  Here  ib  a  broad,  bare  hilltop  of  the  Becket  gneiss,  and  at  tbe 
southwest  portion  of  tLe  Hat  is  tbe  northern  apex  of  the  pre-Gambrian— 
a  green,  ealcareons,  highly  feldtipathic  gueisa  carrying  dark-green 
fibrous  hombleude,  titaiiit«',  and  blue  qaartz.  The  Becket  gneiss  wraps 
around  it,  aiid  the  contact  is  perfectly  exposed.  Tbe  Becket  gDeiss  in 
conglutneratiu  at  the  south.  A  band  of  Becket  gneiss  aboDt  40  rods 
wide  surrounds  the  entire  pre-(3anibrian  area,  and  tbe  qaartzite  sar 
rounds  the  trhole.  The  axis  of  the  anticline  runs  northeast,  and  the 
dips  are  all  southeaHt,  the  anticline  being  overturned  to  tbe  west. 
Hr.  Bunjaaiin  ffttwell  sent  me  specimenn  of  the  fresh  rock  from  a  point 
abont  2  tniles  northenitt  of  Daltou,  and  a  specimen  of  coarse  feldspatbic 
preGambrian  gneiss,  full  of  half-iuch  spots  of  a biotite-gamet  aggre- 
gate. This  is  directly  on  the  line  of  the  axis  of  the  gnlf  area  of 
pre-Gambrian  described  above,  and  indicates  a  small  pre-Cambrian 
area  on  the  south  border  of  the  G-reylock  quadrangle. 

LEB-TTSIHGHAH  ABBA. 


This  is  tbe  largest  pre  Cambrian  territory  in-vestom  Hassachnsetts. 
It  begins  in  a  lobe  overlooking  Backett  Brook,  in  the  south  iKirt  »r 


DotBct  of  Carobnin  on  pn-Cuibrlaa 


DaltoD,  where  it  is  a  slightly  overturned  anticline.  It  expands  between 
Asbley  Brook  and  Bearing  Brook  as  a  normal  anticline,  with  axis  run- 
ning north  and  south.  1  his  is  connected  by  a  narrow  isthmus  with  tbe 
larger  and  more  important  area,  which  begins  on  a  fault  in  tbe  higb 
ground  southwest  of  New  Lenox,  expands  rapidly  across  Washington, 
occnpies  all  the  bigli  ground  in  liee  and  Tyringham,  and  ends  in  tbe 
great  mass  of  Kingsbury  Mountain,  against  the  Tyringham  foult. 

It  is  convenient  to  treat  separately  tbe  ftirther  extension  soath  of  this 
£aalt  aa  the  Sandisfleld  area  (see  page  55). 


LEE-TYBINGHAM  AREA. 


Tbe  eastern  boniid»ryof  this  itreais  nearly  everywhere  iiorma),  being 
formed  by  the  Cambrian  gneiaaes,  which  are  often  coDglomeratic.  It 
extends  sontheastward  across  Washington,  with  several  great  lobes 
running  northward  to  a  point  south  of  Becket  Center,  where  it  turns 
sonth westward,  becomes  an  uuconforniable  boundary,  and,  crossing  into 
Otis,  east  of  where  the  Tyringham  River  enters  the  town,estends  soutli- 
westward  to  West  Otis,  where  it  meets  the  Tyringham  fault. 

Between  Xew  Lenox  and  East  Lee  the  western  boundaiy  luus  nt  the 
foot  of  the  bluff  overlooking  the 
Honsatoiiic  Valley,  and  is  a  line 
of  fault,  with  downthrow  on  the 
west  and  some  westward  over- 
thrust.  (Seefigs.SandO.)  Along 
this  line  the  western  half  of  the 
Lee-Tyringhain     pre  Cambrian 

dome  is  absent,  and  the  Cam-  i 

brian  white  gneiss  and  the  lower 
part  of  the  quartzite  are  carried 
down  and  concealed,  the  differ 
entbedsof  tbepre-Cambrian  on 
tbe   east  coming   successively 

into  contact  with    the  quartzite      Flo.e.-L«yBrofCinibrliui»l»H)onTenjealLeepiel« 

on  the  west.    (See  PI.  VII,  p.  86,  '"'  ^-  "«■ "'  ^""''  ^™'"' 

and  section  D  E.)  Bast  of  East  Lee  the  fault  bends  sharply,  inlinenced 
by  the  north  ward_  thrust  of  the  country  to  the  south,  and  in  the  hill 
south  of  Bast  Lee  the  b  mndary  changes  from  an  overturned  and  faulted 
contact  to  a  normal  contact,  the  Cambrian  gneiss  mounting  nucon- 
formably  over  the  pre-Cambrian  gneisses. 


Qreenwater  Fond  anticline. — Along  its  northeastern  border  the  Wash- 
ington gneiss  includes  a  wide  band  of  Becket  gneiss  in  a  normal 
syncline  which  extends  across  Washington  and  Becket.  West  of  this 
the  Tyringham  gneiss  crops  out  over  a  broad  area  of  great  monotony. 
Still  fikrther  west  is  the  curved  axis  of  the  important  anticline  of  Greon- 
water  Pond- 
Limestones  lie  along  the  bottom  of  the  deep  valley.  The  steep  walls 
are  composed  of  tbe  heavy  black  Lee  gneiss,  above  which  the  barren 
Tyringham  gneiss  extends  in  low  undulations  a  long  way  north  and 
Bonth,  and  finally  sinks  below  tbe  Washingtou  blue-qaartz  gneiss. 
The  axis  of  the  Greenwater  Pond  anticline  is  continued  beyond  Sbaw 
Pond  and  ends  in  the  middle  of  the  area,  where  it  is  covered  by  tbe 
no  com  form  able  Cambrian  gneisses. 

East  Lee  anticline.— A  utile  east  by  south  of  East  Lee  another  small 
but  very  interesting  anticline,  with  eastward  pitoh,^{E):^pose^,tt)9jlU{t^ 
stone  bordered  by  tbe  Lee  gneiss.  *- 
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Oooge  Pond  anticline. — A  mile  fartbor  od,  Ooose  Fond  lies  iu  the 
bottom  of  a  curved  anticline,  with  axis  pitching  soatli  and  east  at  eithn 
end,  which  also  exposes  the  pyroxenic  limestones. 

The  deep  valley  in  which  lie  Goose  Pond,  Long  Pond,  and  its  tribu- 
tary brook  has  been  formed  by  solution  of  the  limestone.  It  ovt-r- 
flowed  for  a  long  time  iuto  the  Tyringham  Valley,  wearing  a  deep 
trench  down  the  mountain  side.  This  valley  seems  to  have  been  tapped 
by  the  wearing  back,  along  the  axis,  of  the  East  Lee  antidioe. 

The  Ooose  Food  anticline  is  symmetrical  with  the  Lee-Becket  anti- 
cline in  its  Long  Pond  portion,  and  bends  aroaod  in  sympathy  with 
the  East  Lee  and  Tyringbam  anticlines  in  its  western  portion.  It  has 
thus  a  curved  shape  like  the  Bear  Mountain  anticline  (see  p.  58). 

The  axes  of  these  folds  end  abruptly  on  the  west  against  the  impor- 
tant fault  that  runs  at  the  foot  of  the  bluff  IVom  'Nev  Lenox  to  East 
Lee,  which  may  be  called  the  Lenox  fault.  The  western  prolongation 
of  each  of  these  anticlines  was  thus  dropped  below  the  level  of  tbe  sea, 
in  Cambrian  times,  and  covered  by  the  Cheshire  quartzite  and  the 
Stockbridge  limestone. 

Foxden  anticline. — The  next  interruption  to  tbe  expanse  of  the 
Tyringbam  gneiss  is  a  broad  anticline  of  the  banded  Lee  gneisses, 
which  begins  a  mite  and  a  half  east  of  the  outlet  of  Goose  Pond, 
crosses  the  next  road  sontta,  with  a  width  of  nearly  a  half  mile,  and 
ends  unconformably  a  mile  south  of  this  road  at  a  large  ruined  bouse, 
locally  called  Foxden,  overlooking  the  Tyringham  Valley. 

The  exposures  here  show  perfectly  the  anticlinal'  position  of  the 
wbite-and-black  banded  gneisses  in  tbe  stretched  Tyringham  gneiss, 
and  tbe  unconformable  overlap  of  tbe  white  Becket  gneiss  upon  the 
denuded  anticline.  Only  a  trace  of  limestone  was  found  in  the  core  of 
this  anticline. 

Hop  Brook  anticline. — The  last  interruption  to  the  Tyringham  gneiss 
before  reaching  the  Tyringham  fault  is  the  Hop  Brook  anticline, 
at  tbe  foot  of  the  Tyrioghani  Valley.  It  is  very  interesting,  both 
because  of  the  abundance  of  fine  minerals  from  the  limestones  of  its 
core  which  have  been  found  by  Hr.  Daniel  Clark,  of  Tyringbam,  and 
from  the  light  it  throws  upon  the  blocking  out  of  the  pie-Cambriau 
valley,  into  which  tbe  deep  waters  of  the  Cambro-Silurian  seapenetrate<l, 
for  the  deposition  of  the  calcareous  beds  now  altered  to  the  Stockbridge 
marble. 

At  the  mouth  of  Hayes  Pond,  southeast  of  tbe  valley,  is  a  bed  of 
green  pyroxene-actinolite  rock  40  feet  wide,  which,  with  tbe  associated 
gneiss,  represents  the  east  end  of  the  core  of  a  long,  narrow  limestone 
anticline.  Tbe  wbiteand-black  banded  gneisses  wrap  round  the  core 
and  pitch  steeply  east,  and  can  be  followed  across  the  pond  and  up  tbe 
hill  a  half  mile  northwest,  where  tbey  run  under  the  Cambrian  gneiss. 
They  can  be  seen  bending  around  firom  a  south  to  a  west  strike  at  the 
house  a  little  way  south  of  the  poud,  and  thence  extend  west  to  the 
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Tyringbain  faalt.  The  last  greeu  aotinolite  beds  of  the  core  are  near  this 
house,  aod  the  deep  erosion  of  Hop  Brook  has  exposed  the  core,  with 
many  impure  limestone  beds,  still  farther  west,  to  a  point  about  20  rods 
fbim  the  small  settlement  called  Sodom,  in  Tyrinfrham.  They  here  go 
under  the  Cambrian  gneiss,  reappearing  4  miles  down  the  valley  at  the 
Brookside  mill,  in  the  villiige  of  Tynngham,  where,  below  the  dam,  the 
impure  pre-Oambrian  limestone,  with  cbondrodite,  wemerite,  and  titan- 
ite,  appears  beneath  a  low  arch  of  Cambrian  tourmalino-beariug  gneiss, 
and  is  oontinued  westward  in  a  small  isolated  area  of  blue-quartz 
gneiss,  which  is  exposed  along  the  road  rauoing  west  down  the  Tyring- 
ham  Valley  from  the  mill  to  tbe  town  line.  On  the  hillside  above  is  a 
thiu  veneering  of  Becket  gneiss,  whlcb  has  been  worn  off  in  the  bottom 
of  the  valley.  Bine  quartz  occars  in  the  striking  cliffs  by  the  roadeide 
Dear  the  town  line. 


Beneath  the  white  Oambrian  gneisses  which  border  the  area  the 
Washington  blue-quartz  gdeiss  appears  everywhere.  Below  this  is  a 
coarse  biotite-gneiss,  which  is  quite  uniformly  free  from  all  accessory 
minerals  and  ttom  beds  of  any  different  rock  type.  It  is  so  highly 
stretched  that  it  shows  a  lignifbrm,  or  sm»ll  columnar,  rather  than  s 
commco  foliated  structure.    I  have  called  it  the  Tyringham  gneiss. 

It  rests  on  a  thick  l>ed  consisting  of  well-banded  alternations  of  white 
granular  gneiss  and  heavy  black  hornblende- gneiss  or  hornbleode- 
biotite- gneiss,  which  I  have  called  the  Lee  gneiss,  and  tliis  rests  upon 
the  impure  limestones  which  appear  in  the  core  of  the  anticlines. 

Tbe  Lee  gneiss  is  practically  a  calcareous  facies  of  tbe  gneiss  in  the 
neighborhood  of  the  heavy  limestone  beds,  and  it  sometimes  seems  to 
pass  laterally  into  the  Tyringham  gneiss. 

Hinsdale  gneiss. — This  rock  is  absent  in  the  Sandisfleld  area,  as  tbe 
limestone  is  nowhere  cut  through  to  show  the  rooks  which  nnder- 
lie  it  On  the  road  from  Lenox  Farna<;e  to  Washington  occur  bowlders 
of  a  coarse,  zircon-bearing  biotite-gneiss  which  closely  resembles  it 
but  which  could  not  be  found  in  place. 

Hinsdale  limestone. — The  fact,  first  suggested  by  Professor  Dana,' 
that  the  removal  of  the  limestone  has  formed  many  of  the  lake  basins 
and  valleys  in  this  beautiful  lake  region,  is  of  great  value  in  the  study 
of  the  distribution  of  this  rock.  The  two  valleys  at  East  Lee,  and  tbe 
continuation  of  tbe  more  northern  across  the  low  col  into  the  Farming- 
ton  Kiver  Valley,  Goose  Fond,  and  several  ponds  in  Sandisfleld,  are 
illnstratioDS. 

Observation  is  difficult,  as  the  rock  is  covered  by  drift  and  water  in 
bottoms  of  the  valleys  and  must  be  studied  mostly  in  bowlders.  It 
is  never  exposed  in  beds  so  great  as  those  in  the  Hinsdale  area  and 
is  never  so  pure  as  there. 

■IlHSealliLM.UwHliiadalB.aiul  tha  T;idngh»in  villajs  uelnaUDcwl  wohowliig  tba  iafinenM 
on  tlieaolUiieor  tbe  Stoskbrflge  llmHtoDi  anu  «XMt«d  by  pnexisClDS  Anheui obaiuiala  or  tef*. 
J.  D.  Omw,  Am.  Jour.  3<il.,ToL  XXXltl,  p.  ITS. 
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It  is  a  coarse- grained,  greatly  guarli^I  and  twisted  rock,  deepij 
weatbered  in  tbe  great  bowlders  wbich  cover  the  snr&ce  wltexe  it 
occors.  It  coutains  pyroxene  and  horablende  varying  in  color  fioci 
deep  green  to  white,  phlogopite,  moacovite,  biotite,  chondrodite,  wemer- 
ite,  titanite,  cbliDoclore,  ortboclase,  graphite,  qaartz,  pyrite,  and 
pyrrbotite. 

Several  of  these  minerals  are  always  preseot  in  large  amoant,  in 
varied  and  ofWn  qoite  characteristic  groapinga  iu  different  parts  of 
tbe  area.  For  instance,  cbondrodi  te  is  found  most  abundantly  in  masses 
larger  than  tbe  two  fists  on  tbe  hill  soatheast  of  East  Lee,  wemerite 
north  of  Otis  and  in  the  bottom  of  tbe  Tyringbam  Valley,  and  titanite 
in  tbe  northeast  corner  of  Sandisficid,  etc. 

One  mineral  common  in  similar  limestones  is  absent  in  this  region. 
This  is  spinel,  which  is,  however,  found  just  south  of  this  district,  iti 
Norfolk,  GonuecticQt. 

Lee  black  gneiss. — In  tbe  blnffs  which  border  the  East  Lee  Valley  on 
the  north  and  its  continuation  across  Becket  occur  thick  beds  of  a 
black,  very  heavy  bombleiide-magnetite-biotite-gneiss,  which  occnpies 
a  very  constant  position  above  tbe  Hinsdale  limestone  and  becomes  a 
horizon  of  great  value. 

It  represents  a  calcareous  transition  band  above  the  limestone.  A 
thin  bed  of  a  rnsty  graphite-pyrite  quartzite  seems  to  separate  it  from 
the  limestone  on  both  flanks  of  the  East  Lee  Valley,  but  coold  not  be 
found  in  place. 

Along  tbe  south  side  of  the  valley  and  on  both  sides  of  the  next 
valley  to  the  sontli,  by  which  runs  tbe  road  to  Goose  Pond,  tbe  rock  is 
still  more  strongly  maguetitic,  so  that  it  is  often  prospected  for  iron, 
especially  on  the  high  hill  a  mile  southeast  of  East  Lee.  It  also 
abounds  in  large  iron  garnets,  and  this  peculiarity  can  be  traced  along 
the  north  side  of  the  East  Lee  Valley  into  Becket.  Along  both  sides  an 
upper  bed  is  leek  green  and  pyroxenic. 

This  rock  also  appears  in  considerable  force  in  the  crest  of  the  high 
ridge  north  of  Bast  Lee,  and  may  be  studied  by  going  up  the  hill  road, 
starting  30  rods  east  of  the  East  Lee  Hotel.  At  the  1,400-foot  cooto&r 
the  woods  begin,  and  at  the  northwest  corner  of  the  clearing  are  two 
apparent  ledges,  which  I  assigned  to  the  Becket  gneiss  bnt  foand  to  be 
great  bowlders  of  the  same.  From  this  point  a  wood  road  runs  up  over 
the  black  homblendic  gneiss  for  30  rods,  and  the  rock  ends  where  this 
road  emerges  iu  a  cleai-ing  on  the  crest  of  a  hill.  Here  it  is  a  black, 
medium-grained  rook,  thin  splitting  and  flat  bedded.  It  is  an  anorthite- 
ampbibolite,  and  a  thin  section  (So.  VI,  131o,  National  Museum  Col- 
lection) of  the  black  foliated  rock  cut  transversely  showed  only  a  trace 
of  qaartz,  little  partly  bleached  biotite  and  magnetite,  and  no  titanite. 
Tbe  green,  moderately  dichruic  hornblende  is  not  fibrous,  but  is  ia 
stout,  ragged  blades  appearing  in  all  directions  in  the  ^ide.  The 
centers  of  the  blades  contain  many  imparitiee^,  >^,,_.,. 
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The  pleocbroism  is :  a  =  y ellov,  b  =  yellow-j^een,  c  =  blae. 

The  mosaic  of  anortbite  occupies  half  the  sar&ce;  aboat  half  abows 
moltiple  tTinniag  witli  large  angle  of  extiootion;  half  the  remainder 
shoTH  conceatric  eztiiiotion,  bat  no  twiODiag.  It  incloseH  mach  horn- 
blende in  small  plates  and  in  minute  straight  needles. 

The  feldiipars  have  very  generally  a  common  orientation,  eo  that  in  the 
field  they  ^ow  a  positive  obtose  axis  eocentiic,  with  the  axial  plane 
about  parallel  to  the  twin  striation. 

There  was  nothing  in  the  section  that  would  lead  one  to  think  it  an 
eruptive,  and  all  its  assooiationa  connect  it  with  the  oalcareons  gneisses. 

A  little  west  of  the  wood  road  before  mentioned,  the  rock  is  white-and' 
black  banded  and  ia  greatly  twisted  in  its  bedding.  Farther  west  the 
quantify  of  hornblende  diminishee,  and  north  of  the  before-mentioned 
Becket  gneiss  bowlders  it  diaappeara  and  the  rock  graduates,  with  the 
strike,  into  the  stretched  Tyringham  gneiss.  It  can  be  followed  east  as 
far  as  the  limestone  ledge,  and  here  also  it  becomes  a  light-colored 
slightly  hombiendio  gneiss.  ^ 

It  is  subordinate  to  the  Tyringham  gneisa,  but  as  it  borders  the 
limeatooe  areas  in  the  different  valleys  for  ao  long  a  distance  it  seemed 
well  to  mtuntain  its  distiDotness  within  the  area. 

Where  the  band  crosses  the  blind  road  on  the  moantain,  a  mile  far- 
ther east,  at  the  point  where  this  road  runs  most  northerly,  it  is  a  rib- 
bon gneiss  of  many  small  hornblende  bauds  interleaved  with  white 
gneiss  bands. 

On  the  sonthem  side  of  the  valley  it  can  be  best  studied  in  the  hill 
south  of  the  hotel  in  East  Lee,  and  ia  described  in  connection  with  the 
Hinsdale  limestone.    (See  p.  33.) 

It  is  well  exposed  along  the  desolate  road  which  runs  from  Tyringham 
Valley  over  the  moaotaio  to  West  Becket  as  a  aeriea  of  markedly  flat- 
bedded  gneisses,  of  flue  grain,  which  for  nearly  a  mile  across  their  atrike 
present  a  contiDuous  alternation  of  black  and  white  beds  from  a  frac- 
tion of  an  inch  to  12  feet  in  thickness.  The  white  beds  have  the  appear- 
ance of  quartzite,  but  are  a  compact  quartz-feldspar  mixture  which 
looks  as  if  it  had  been  thoroughly  crushed  and  recemeuted.  The  black 
layers  are  black  from  the  great  quantity  of  biotite  and  hornblende,  aud 
some  beds  are  a  heavy,  black  granular  hornblende  rock  which  resem- 
bles crushed  tourmaline. 

Tyringham  ligniform  gneits. — This  gneiss  is,  in  perfect  development, 
composed  of  bundles  of  quartz-feldspar  {lencils  wrapped  round  with 
biotite.  The  dip  is  easily  obtained  but  the  strike  often  with  difficulty. 
The  rock  is  best  developed  across  the  center  of  TyriDgham  on  both 
sides  of  Goose  Pond.  It  is  a  coarse  biotite-gneisa  of  very  uniform 
character,  barren  of  all  accessories.  Its  biotite  is  gathered  in  elongate 
films  more  or  less  wrapped  roaud  the  other  constituents,  and  is  gener- 
ally rather  dull  black.    The  rock  ia  very  prone  to  decomposition. 

Washitigton  AIuo-^ruartojim^iM.— The  peculiar  lavender  qn^ri^ai^qbar- 
Bnn.  159 i  "- 
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acteristic  of  tbe  itra-Oaiubriaa  iu  the  Appalachians  is  fonod  in  all  tlie 
members  except  tbe  limestone,  bot  in  the  npper  horizon  it  becomes 
extremely  abandaut  Rod  characteristic,  so  that  it  Js  tlie  moat  oODstant 
Knide  to  the  settlement  of  the  boandary  between  pre-Oambrian  and 
Cambrian. 

The  rock  is  a  coarse  biotite-  or  biotite-mnscovite-gueiss.  Pyrite  is  a 
aniform  and  often  abundant  constituent,  and  the  rock  is  always  maty. 
Graphite,  so  uniformly  abundant  and  characteristic  of  the  rock  in  tbe 
Hinsdale  area,  is  fonnd  in  qaanUties  only  partof  the  way  across  Wasli- 
iugton,  but  reappears  much  forther  south,  in  Saodisfield  and  Keir 
Marlboro. 

Allanite,  which  is  also  abundant  in  Hinsdale,  appears  frequently  io 
Beoket  and  Tyringham, 

The  blue  quartz  appears  in  scattered  nodular  masses,  often  nearly  an 
inch  thick  and  ftising  together  into  films  on  the  foliation  plane,  and 
when  the  rock  oontains  also  large  garnets  and  allanite,  with  the  peculiar 
pnokering  around  the  crystals,  it  is  beantilul  and  striking,  ^e  quartz 
is  often  granulated  by  crushing  till  only  a  small  center  remains,  and 
the  color  is  then  wholly  discharged.  This  crushing  into  a  white  sugary 
sand  is  very  characteristic  of  tbe  rock. 

Where  it  crosses  the  road  north  of  Aahley  Brook  it  is  a  very  coarse 
granite -gneiss,  like  that  of  Hoosac  Mountain.  The  feldspars  are  often 
i  inches  across,  at  times  resembliug  pebbles  and  having  broad,  curved 
cleavage  faces.  Tbe  blue  quartz  bands  are  sometimes  2  inches  thick. 
Other  beds  are  crushed  to  a  fine  granulitic  rook,  with  flat,  elongate, 
blue  quartz  seams. 

The  gradual  granulation,  by  crashing,  of  tbe  blue-quartz  grains  and 
bands,  accompauied  by  an  apparent  discharge  of  the  blue  color,  is  very 
clearly  exhibited  here  in  all  ite  stages. 

The  gneiss  along  the  road  firam  tbe  outlet  of  Ashley  Lake  to  Ifew 
Lenox  is  a  coarse  to  very  coarse,  granitoid,  highly  feldspathic,  bloe- 
qaartz  gneiss.  Many  layers  are  fall  of  large  manganesian  garnets,  often 
an  inch  across.  The  biotite  is  in  distant  membranes,  branching  out 
into  masses  an  inch  across.  It  winds  iu  and  out  among  feldspar  or 
feldspar-quartz  nodules  1  to  1  inches  across.  There  is  often  much 
coarse  tourmaline. 


Eatt  Lee  UmetUnte. — The  deep  valley  which  starts  at  Bast  Lee  and 
mns  in  a  great  curve  southwest  to  Otia,  containing  Oreenwater  and 
Shaw  ponda,  is  underltun  by  Hinsdale  limestone  and  owes  its  position 
and  shape  mainly  to  the  solation  and  removal  of  the  same. 

It  is  deeply  covered  by  drilFt,  which  fills  the  valley,  and  can  be  beet 
studied  upon  the  high,  bare  hill  between  the  two  roads  moning  east 
from  East  Lee.  It  is  a  coarse,  white,  highly  crystalline  limestone, 
coarser  and  of  more  translucent  grain  than  the  adjacent  Stochbridge 
limestone,  very  impure,  and  coarsely  warty  upon  tbe  surface,  from  the 
Boiation  of  the  purer  parts. 
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It  contains  actinolite,  palegreen  and  black  pyrozeae,  phlbgopite^ 
and,  most  iiDportant,  choiidrodit«,  and  In  tlie  hill  above  mentioned  this 
mineral  occors  in  granular  masses  of  the  pnre  substance  as  large  as 
one's  fist  and  in  rode  ciyBtals  an  inch  long.  Wernerite  does  not  ai^pear 
in  this  band,  as  it  is  not  common  in  the  limustone  except  near  fanlts. 

The  month  of  the  valley  is  greatly  clogged  by  thick  drift  deposits,  in 
vhich  immense  limestone  bowlders  are  common,  and  by  later  post-OIacIal 
sands,  bo  that  the  relations  of  the  Hinsdale  limestoDeH  to  the  Cambrian 
deposits  to  the  vest  can  not  be  determined 

The  most  westerly  outcrop  of  the  Hinsdale  limestone  is  the  great 
mass  on  the  south  side  of  the  brook  just  east  of  the  hotel.  This  is  not 
certainly  in  place,  but  the  great  size  of  tbe  outetop  and  the  direction  of 
the  glacial  movements  make  it  probable  that  it  is  in  place  here  or  still 
farther  west. 

Thirty  rods  farther  west  is  an  occurrence  of  the  limestone  in  the 
foundation  of  a  dam.  Under  the  building  and  near  the  water  wheel  it 
is  associated  with  great  masses  of  the  Stookhridge  limestone,  and  this 
ia  probably  the  locality  cited  by  Professor  Dana'  as  a  place  where  the 
two  limestones  could  be  seen  in  contact. 

As  the  Stockbridge  limestones  dip  in  three  different  ways,  they  are 
probably  bowlders,  and  fivm  the  ontcrops  to  the  west  it  is  more  prob- 
able that  the  Cheshire  quartzitu  intervenes  across  tbe  valley  mouth, 
separating  the  two  limestones  from  each  other,  as  is  represented  upon 
the  map. 

Thirty  rods  east  of  the  hotel  a  road  runs  north  onto  the  mountain, 
and  beyond  tlie  single  bonne  by  the  field  road  leading  to  the  top  of  the 
clearing  many  outcrops  appear  in  the  wall  at  about  the  1,400-foot  con- 
tour. Above  the  northeastern  comer  of  tbe  east  field  is  a  cliff  with  a 
fine  spring  at  its  foot.  For  several  feet  from  the  base  of  tbe  cliff  the 
Tock  is  the  warty,  impure  limestone  carrying  ebondrodite  and  green 
actinolite.  It  grades  above  into  zigzagged  strata  of  white,  coarse, 
micalesB,  gruiitoid  gneiss  containing  layers  and  wisps  of  green  actino- 
lite. These  beds  are  together  abont  Id  fiaet  thick  and  grade  upward 
into  a  fine-graiued,  flat-bedded  gneiss  much  like  the  Cambrian  gneiss. 
It  is  the  transition  to  the  Lee  gneiss. 

Tbe  great  bowlders  of  the  coarse  limestone  are  very  abundant  for  2 
miles  up  the  East  Lee  Valley,  to  the  point  where  the  brook  crosses  the 
road  to  run  north,  bnt  outcrops  rarely  appear. 

The  presence  of  these  bowlders,  the  continuance  of  the  bordering 
Lee  gneiss  in  the  hillside  north  and  south,  and  the  deep,  continuous 
valley  form  the  ground  for  believing  that  the  limestone  continnee  along 
tbe  bottom  of  the  valley. 

QnoBe  Pond  limestone. — The  limestone  is  almost  whoUy  boded  beneath 
the  waters  of  tbe  ponds,  and  tbe  barren,  stretched  Tyringhun  gneiss 
appears  in  the  heavily  wooded  and  till-covered  banks.    In  several 

1  Od  Taoonlo  Bocki  ud  Stntignphf  i  Am.  Joax.  Sol.,  M  Hrlw,  Vol.  XXIS.  ISBS,  p.  M». 
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places  tbe  coaiKe  ohondrodite-linidBtonds  and  the  coarse  pyroxene  rock 
which  replaces  them  form  tbe  shore,  notably  at  Elvella  Bocks,  on  the 
south  side  of  Long  Pond  toward  its  eastern  end.  The  sapeirjac^tt 
homblendic  Lee  gneisses  appear  in  force  at  the  end  of  the  blind  road 
Bonth  of  Greenwater  Fond. 

Hop  Brook  limettone. — Btartang  20  rods  above  the  dam,  at  the 
small  Tillage  of  Sodom  at  the  head  of  the  Tyringham  Valley,  the  bot- 
tom and  steep  banks  of  the  brook  show  ledges  and  large  bowlders  of  a 
ooarse  limestoue  which  is  more  often  a  coarse-grained  aggregate  of 
silioates,  both  anhydrous  and  hydrons.  Aroand  the  village  of  Sodom 
itself  and  at  the  foot  of  the  steep  clifi's  farther  east  many  large  blocks 
of  the  same  rock  appear,  which  seem  to  have  been  broogbt  down  by 
the  tonents  of  the  brook,  as  they  lie  far  north  of  the  pre-Cambrian 
ontcrops  in  a  direction  opposite  to  the  trend  of  tbe  ice  in  this  regioo. 

At  tbe  entrance  to  tbe  road  that  leads  to  Sodom  stands  tbe  bouse  of 
Mr.  Daniel  Clark,  whose  splendid  collection  of  minerals  from  the  valley 
and  large  store  of  knowledge  of  tbe  mineralogy  of  the  country  will  be 
placed  at  the  service  of  any  student. 

Tbe  outcrops  are  mostly  concealed  in  tbe  steep,  moss-covered  banks 
of  the  mountain  brook,  and  they  have  been  exploited  at  much  expense 
by  Mr.  Clark.  1  spent  several  days  studying  bis  collections,  and  tbe 
special  pecaliaritiee  of  tbe  minerals  which  oocur  here  are  deRcribed  in 
the  mineral  lexicon  appended  (pp.  103-127). 

Tbe  masses  of  white,  granular  quartz -caloite  mixture,  with  small 
amount  of  green  pyroxene,  titanite,  and  tourmaline  fhim  the  altered 
limestone,  are  catalogned  by  President  Hitchcock  as  -'aagitic  gneiss 
from  Lee  and  Wasbington,"  in  catalogne  of  Massachusetts  coUeotion, 
under  gneiss,  92  to  93.' 

"Mortised  rock"  of  Tyringham. — At  Tyringham  quartz  pseudomorph 
after  plagioclase  is  found,  penetrated  by  square  cavities  from  which 
salite  bas  been  removed,  (See  Pis.  II,  TIL)  In  these  most  remark- 
able specimens  great  masses  of  clear  vein  quartz  are  penetrated  by 
sqaare  cavities  f^m  which  large  crystals  of  salite  have  been  dissolved, 
wbUe  tbe  quartz  proves  to  be  pseudomorph  after  large  masses  of 
plagioclase,  presumably  albite. 

The  replacement  is  so  delicately  perfect  that  the  twin  structure  is 
perfectly  preserved,  exactly  as  in  cleavage  surfaces  of  albite.     This 
twin  striation  appears  over  large  areas  and  is  absent  over  other  large 
areas,  and  tbe  alternation  occurs  both  in  the  direction  of  and  at  rigbt   - 
angles  to  tbe  striation. 

Moreover,  tbe  pearly  luster  of  tbe  0(001)  face  is  perfectly  reproduced 
in  tbe  fractured  surface  of  the  qaartz,  showing  that  the  replacement 
bas  preserved  the  stractore  of  tbe  albite,  on  which  tbe  pearly  luster 
depends;  that  is,  repeated  separation  along  the  cleavage  planes  and 

■  Sept.  or  U M*.  Bouil  or  Afrio..  Appoidli,  1SB«,  p.  61. 
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tbe  fonnation  of  air-filled  interspaces  which  have  the  effect  of  N^evton'a 
rings. 

Many  of  the  qnartz  fragments  split  into  large,  acate,  vedge-sbaped 
pieces,  which  are  aggregated  in  alternate  arrangoment  of  the  separate 
wedges  exactly  like  the  Clevelaadite  variety  of  albite  from  the  tourma- 
line pegmatite  TOiUB. 

The  TyriDgham  specimens  present  an  interesting  and  complete  series, 
showing  the  alteration  and  disappearance  of  the  pyroxene.  There  are, 
first,  masses  in  which  the  long,  white,  fonr-sided  prisms  of  salite,  some- 
times slightly  traocated  at  the  edge  and  distinctly  striated  on  some 
f^ces,  are  from  a  half  to  a  qaarter  inch  in  thickness  and  several  inches 
long,  loosely  aggregated,  aud  paesiog  into  a  compact  salite  rock. 

Tbero  areotber  specimens  in  which  tbe  same  white  prisms  are  inclosed 
in  white  or  smoky  quartz.  They  show  tbe  very  strong  basal  parting  of 
salite,  and  are  often  an  inch  across.  They  can  be  seen  to  be  in  some 
places  wholly  or  partly  replaced  by  a  secondary  tremolite  or  pale-greeu 
actinolite,  and  the  qnartz  shows  distinct  traces  of  the  tabular  form 
and  the  twin  striatioo  of  albite. 

Id  other  specimeDS  tbe  whole  or  almost  the  whole  of  the  salite  is  dis- 
solved, and  tbe  cavities  take  sharp  casts  of  the  longitudinal  striation 
of  the  crystals  as  well  as  of  the  transverse  partings  which  cross  the 
cavity  with  the  proper  obliquity  of  the  basal  section  of  salite. 

These  specimens  were  found  at  Sodom,  in  the  upper  end  of  the  Tyring- 
bam  Valley,  in  the  pre-Cambriau  limestone.  I  was  therefore  greatly 
surprised  to  receive  from  a  student  a  large  specimen  of  the  same 
cavernous  quartz,  which  was  found  by  his  &ther,  Mr.  Charles  T.  Barker, 
duriug  the  digging  of  the  cellar  under  tbe  Berkshire  Life  Insurance 
Building  in  Pittsfleld.  It  is  a  wholly  unworn  block  G  inches  on  a  side. 
The  angular  faces  look  as  if  they  might  have  been  broken  artificially, 
and  the  weathered  snrfoce  of  the  block  suggested  that  it  liad  been 
buried  mtmy  years.  It  is  full  of  cavities,  some  of  which  are  an  inch 
across  and  6  inches  long.  A.  6-inch  surface  shows  over  half  it»  area  a 
fine  representation  of  tbe  albite  cleavage,  and  half  tbe  rest  has  the 
appearance  of  the  pearly  feldspar  cleavage;  yet  the  whole  is  a  clear, 
trauslnceut  qnartz,  from  colorless  to  smoky,  and  splinters  broken  off 
from  the  surface  showing  striation  displayed  the  perfect  optical  figure 
of  quartz  very  obliquely  placed.  I  can  not  imagine  that  the  specimen 
was  brought  to  its  present  place  by  ice,  for  the  proof  of  its  pre-Cam- 
briau origin  is  qnite  complete  and  there  is  no  pre-Cambrian  limestone 
area  to  the  northwest. 

From  the  interest  which  these  mortised  stones  have  created  in  the  past 
I  imagine  that  the  specimen  may  have  come  from  tbe  Tyringham  Valley 
and  have  been  at  some  time  a  part  of  a  collection  in  Pittsfleld,  as  tbe 
place  where  it  was  found  adjoins  the  former  habitation  of  the  Berkshire 
Historical  Society.  This  is  the  specimen  figured  in  PI.  IIL  Mr,  Daniel 
Clark,  who  has  collected  most  of  tbe  specimens  npon  which  the  fore- 
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going  description  was  based,  has  written  me  as  follows  ooncetning  the 
Pittsfield  speciinen: 

The  BpeoimeuB  have  ti«Ter  been  foand  exoept  U  drift.  I  hftve  never  seen  maj 
ledge,  bat  tbey  ocenr  in  nnmeron*  apeoimwii  from  Bmall  siEe  to  seTeral  tona.  Thej 
oonld  not  liave  drifted  fu,  for  they  irere  angnlu  and  abowed  no  aigna  of  eroaion, 
and  were  fonnd  on  •  few  aoTea  in  Sodom. 

The  ipecimen  wliicli  Hr.  B*rker  found  in  Pittefield  1  believe  to  be  ftom  thia 
looftlity.  Over  forty  jeara  ttgo  Mr.  Stephen  Bead,  of  Pittafleld,  who  was  Intereated 
in  minerals,  vUited  my  place,  and  I  gave  bim  aeveral  apeoimeua  of  wbat  wa  then 
called  mortiaed  rook,  and  I  believe  yonr  apeoimon  ftom  Pittafield  ia  ona  of  tboao 
Ur.  Seed  oarried  from  here  at  tbat  time.  I  have  never  known  of  any  apetumenn 
being  fonnd  in  Berkahire  Connty  exoept  In  thia  locality. 

Metamorphoaia  of  tke  pre-Cambrian  limeatone  and  paragenetit  of  the 
limestone  mineraU. — The  folIoTiDg  tabalar  statement,  derired  from 
stDdy  of  the  Hop  Brook  and  Otis  limestones,  may  make  clear  the  prob- 
able steps  by  which  the  rich  mineral  beds  along  Hop  Brook  have  been 
formed,  That  this  has  been  along  a  line  of  faalting  has  had  mach  to 
do  with  the  complexity  of  the  reaulL  A  detailed  deaorlption  of  all  the 
minerals  mentioued  is  given  later : 
Firat  stage :  A  fragmental  limeatone. 

Besnlt  of  vital  forces  and  transportation.    The  bed  waa  at  flrat  preaninably  an 

accnmnlation  of  animal  remains Pirat  caldte 

Seoond  stage  ■.  A  cryatalllne  limestone. 

Resnlt  of  cirenlatlng  carbonated  waters  with  beat  and  pressure.    In  its  leaat- 
ehauged  state  tbe  bed  ia  now  alwaya  highly  crystalline— has  reoryatalliz^ 

many  times  In  every  part Seoond  calcite 

Third  stage: 

(a)  Bast  t>ee  facies.    ChondTodite-phlogopit«-limestone,  wltb  mnoh  olinoohloie, 

cocoolite,  and  graphite. 
Besnlt  of  circulation  of  heated  waters  carrying  silica  and  fluorine.    Char^ 
acterized  by  very  basic  magaeelan  flnoallicates. 

(b)  Otia  fades.    Pyroxene- wem eri to- titan ite  limeatone. 

Beeolt  of  more  inteniie  dynamic  and  thermal  activity  along  fault  planee  and 
the  circulation  tbrongh-the  limestone  of  beated  waters  containing  fluorine, 
chlorine,  and  titanium  compounds. 

Characterized  by  grapbit«,  gieen  and  white  pyroxene,  stout  black  horn- 
blende, great  blocks  of  neraerite  and  chalcedony,  opalescent  orthoclase 
(loioclue),  albite  in  great  masses  inclosing  sallte  and  calcite,  and  pink, 
white,  and  gray  calcite  in  coarse  crystals Third  calcite 

(c)  Hew  Marlboro-Norfolk  f^les.    A  limeHtone  containing  tbe  minerals  of  h  with 

wemerite  repla^^ed  by  spinel  and  nickeliferona  pyrrhotit«. 
Characterised  by  abondant  alnminooa  silicates,  which  may  poriiapa  ba 
derived  from  clayey  limestones,  while  the  chlorine  may  come  ftt>m  the 
ancient  sea  In  which  the  sediments  gathered,  and  the  graphite  ft«m  tbe 
organic  remains.  The  abundant  titanite  waa  probably  brought  into  thp 
limestone  from  without,  and  this  makes  it  possible  tiiat  the  same  may  be 
true  of  tbe  alumina  silicates. 
Fourth  Rtage ;  Tbe  mortised  rock  (a). 

Extensive  psendomorpbic  replacement  of  albite  by  qiiarta(BeePla.II,  III)  with- 
out affecting  tiie  inclosed  sallte;  resorption  of  salite  for  the  formation  of 
aotlnollte,  which  incraets  tbe  remnant  of  the  salite. 
Basult  of  continued  action  of  silica  solntions  nudsr  changing  conditiona  of  heat 
andpreasoie.  ^,, ,      ,,,  ^,^,, ,.  ,^ 
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Fifth  Btage :  QnartB  Inoloeiiig  K«tinoUte. 

Ezteniivs  derelopment  of  large  kiotite  orystslB  in  vsLns  in  whioh  the  orystols 
are  greatly  ommpled  by  later  movements  on  the  fault.     Reaalt  of  illlca  aolu- 
tiona  at  lower  temperatoie. 
Sixth  BtBge:  Zeolitization. 

Formation  of  ecolecit«  by  the  deoompoaition  of  wemerite.    The  formation  of 
aotinolite  contlnnee. 
Seventh  atage;  Zeolitization,  continued. 

Development  on  the  earlier  Bcolecite  of  healandite,  ■tllbtte,  sooleclte,  lanmontite, 
and  oalcite.     Formation  of  Jasper  inclosing  fragment!  of  earlier  allloatee. 

Reanlt  of  warm  waters  and  long  time Fonrth  oalelte 

Eighth  atage:  Decorapoeltion  and  hydration. 

Jefferiiite  f^om  blotite,  kaolia  fi«m  feldspar;  solution  of  MlaitB  and  etohiog of 
crystal  fooea.  Farmation  of  cluloedony  inclosing  Jasper,  Effect  of  abnoa- 
pherio  waters  and  modorale  temperature. 

BAimiaFIBLD  ABBA. 

The  lon^  attd  pecaliarly  shaped  area  of  pre-Cambiian  rocks  lying 
south  of  the  Otis  area  and  the  extensioa  of  the  Tyringham  fault  down 
the  valley  of  Clam  Biver  and  at^oss  Sandisfleld  and  Colebrook,  la  com- 
posed almost  vholly  of  the  apper  member  of  the  series — the  Washing- 
ton  gneiss. 

In  the  center  of  the  soathern  lohe  only,  where  It  is  widest,  is  there  a 
trace  of  the  green  pyroxene-hornblende  rocks,  nscally  associated  with 
tlie  Hinsdale  limestone.  The  most  striking  occnrrence  within  the  area 
dehued  above  is  found  at  the  northwest  comer,  in  the  pastarn  opposite 
tbe  honse  of  the  mineralogist,  Mr.  D.  Clark,  at  the  bead  of  the  Tyring- 
ham Valley.  In  the  western  part  of  tbe  pasture  the  white  Cambrian 
gneiss  abnts  nnconformably  against  the  pre-Oambrian  gneiss.  The 
lilue-qnartz  gneiss  near  the  house  is  so  full  of  allanite  and  ita  decompo- 
sition products  that  often  a  dozen  crystals  appear  in  a  single  hand 
specimen.  In  tracing  these  gneisses  down  from  the  north  this  has  been 
found  to  be  characteristic  for  a  long  distance.  Allanite  does  not  appear 
much  farther  south,  but  is  replaced  by  flbrolite. 

Along  the  west  boundary,  2  miles  sooth  of  Ur.  D,  Clark's,  at  a  point 
a  mile  west  of  West  Otis,  just  where  the  boundary  line  cats  the  lineof 
long.  ISf^  KK,  is  a  beantifnl  unconformable  contact  of  the  Becket  gneiss 
on  heavy  beds  of  chondrodite-clinochtore-Umestone,  which  is  very  pyrox- 
enic  and  has  a  broad  border  of  green  pyroxenite.  It  is  a  mediam- 
grained  white  marble,  banded  in  places  by  black  ore,  and  occurs  in 
sufGcient  quantity  to  suggest  a  possible  quarry  stone. 

The  hill  1^  miles  south  by  west  of  Sandisfleld,  which  forms  the  apex 
of  the  pre-Oambrian  lobe  extending  northwest  f^m  South  Sandisfleld, 
presents  peculiar  conditions.  In  the  hollow  of  the  north  foot  of  the  hill 
(south  of  the  road)  is  a  typical  Cambrian  qnartzit«,  at  first  massive, 
then,  three  rods  soutb,  banded  granular,  with  magnetite  grains,  which 
farther  south  grades  into  typical  Becket  gneiss.  Twoorthree  rods  south 
of  this,  in  the  north  foot  of  the  hill,  is  a  6-foot  band  of  wbite  flbrolite- 
gneiss,  which  is  continoonB  with  the  coarse,  crushed  Washington  gneise 
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and  impregnated  with  a  coarse  feldepathio  pegmatite  in  veins  and 
irregalar  masaes. 

All  aloDg  the  tortaoua  botmdary  the  limit  of  the  Washingtoii  gaeiss 
can  be  fixed  by  the  presence  of  graphite  and  flbrolite  in  a  two-mic» 
msty  gneias,  and  over  the  whole  area  the  same  oharacteristios  exist, 
although  there  are  many  bands  from  which  pieces  moch  like  the  Becket 
gueisa  can  be  taken. 

A  mile  soath  of  South  Sandisfleld,  near  a  watering  trough,  a  black- 
pyritona  quartzite  occurs,  which  is  like  that  above  the  limestone  in  the 
East  Lee  Valley. 

At  the  soatbem  apex  of  this  area  a  pale-pink  garnet  is  abundant  and 
of  large  size.  The  regular  intergrowth  of  mnscovite  and  biotite  is  quite 
characteristic. 

Bands  of  black  homblende-goeifls  and  green  pyroxenite  occor  jnst 
north  of  the  State  line  iu  Sandiafleld,  aouth  of  A.  Duchame's  house. 
This  rook  is  rather  bright-green,  finely  granular,  and  passes  into  a  light 
granolar  qaartzite  made  up  almost  wholly  of  cuboidal  grains  of  bright- 
green  pyroxene,  with  distinct  dichroism  to  pale-brown  in  basal  sections 
and  with  very  coarae  prismatic  or  pinacoidal  cleavage.  Some  grains  are 
centrally  darker  iu  color  and  full  of  dark  ore  grains.  There  are  a  few 
grains  of  orthoclase,  plagioclase,  biotite,  a  green  mineral  like  epidote, 
and  a  de«p-green  actinolite.  This  rook  contains  do  calcite,  bat  it  is 
clearly  one  of  the  derivatives  of  the  limestone  and  is  changing  into  an 
amphibolite. 

In  one  instance,  in  the  neck  that  connects  Seymour  Mountain  with  a 
rocky  spur  projecting  southwest,  distinct  pseudocou glomerate  stmc- 
ture  appears  iu  the  graphitic  gneiss.  The  same  rock  composes  the 
whole  top  of  the  hill  west  of  Seymour  Mountain, 

Above  the  1,600-foot  contour  the  entire  hill  is  composed  of  coarse, 
warty,  very  micaceous  gneiss,  with  rusty,  coarse,  saudy  grained  mass. 
The  nodules  are  about  the  size  and  shape  of  pecan  nets  and  consist 
of  coarse  blades  of  overlapping  moscovite  and  biotite,  often  with  more 
or  less  dark  gray  fh>m  spots  of  radiated  flbrolite.  They  are  first  ortho- 
clase, then  mnscovite,  then  flbrolite. 

The  contacts  can  be  well  seen  at  the  bridge  over  Buck  Biver,  a  mile 
above  West  New  Boston.  The  first  reefs  below  the  bridge  are  of 
Washington  graphitic  gneiss.  Six  rods  farther  is  the  contact  with  the 
thin-bauded  Cambrian  gneiss.  The  contact  is  exposed  again  where 
the  rock  crosses  the  two  roads  northwest  of  Seymonr  Mountain,  on 
the  monntain  itself  and  on  its  southeast  spur,  as  given  above,  and 
where  it  crosses  the  brook  east  of  Mount  Pisgah,  on  the  south  line  of 
the  quadrangle. 

OTIS  iLREA. 

This  area  is  cut  off  on  the  south  side  by  the  Tyringham  Valley  foult, 
which  is  contiiined  down  the  valley  of  Glam  Biver;  on  the  north  side 
It  is  bounded  by  the  East  Lee  V^ey  faolt,  which  follows  the  bed  ol 
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FanningtOD  Biver.  Between  these  two  fsalts  there  ia  a  central  band 
of  Hinsdale  limestone  and  its  deriyatives,  flanked  on  either  gide  by  the 
maty  blne-qoartK  gneJBB. 

On  the  west,  at  the  north  foot  of  Filley  Moantain,  flbrollte  begins  to 
appear,  and  ultimately  replaces  the  blae  qoartz  farther  south.  On  the 
top  of  the  mountain  the  two  occur  together,  but  the  blue  quartz  can 
not  be  traced  mach  farther  south  as  an  important  coDStitnent. 

The  eastern  boundary  seems  to  coincide  with  the  Fannington  Biver, 
and  the  first  outcrops  to  the  east,  in  the  high  banks,  ore  of  the  Cam- 
brian white  gneiss,  until,  in  the  blaffs  across  the  brook  sonth  of  the 
blind  road  at  P.  Davison's,  there  is,  at  an  old  mine  said  to  have  been 
worked  to  a  depth  of  10  to  16  feet,  an  apparent  ontcrop  of  a  pyritons 
wernerite  rock  of  pre-Cambrian  age.  It  seems  to  lie  a  little  weatof  the 
blnfi^  of  white  gneiss. 

The  boundary  then  runs  southwest  into  Sandisfleld,  and  at  the  south 
foot  of  the  hill,  40  rods  west  of  H.  8.  Hawley's,  the  last  house  before 
turning  off  to  Gold  8]>ring,  is  another  old  mine.  A  deep  trench  mna  into 
the  hill  where  the  white  gneiss  on  the  east  and  the  rusty,  graphitic, 
pyritoos  gneiss  full  of  garnets  and  black  hornblende  (this  is  the  ore) 
on  the  west  are  closely  approximated. 

The  next  point  where  the  two  can  be  seen  to  approach  each  other  is 
on  the  hill  west  of  the  south  end  of  Spectacle  Pond,  in  Sandisfleld. 
The  apex  of  tbebill  north  of  an  abandoned  house  is  of  the  white  gneiss, 
standing  nearly  vertical,  with  the  strike  shifting  Jrom  north  aronnd  to 
west,  in  great  folds,  from  the  i[iflaence  of  the  faalt  to  the  sonth. 

The  western  boundary  is  normal.  The  rusty  gneiss  rests  against  the 
white  gneiss  and  is  overturned  to  the  west. 

The  boundary  of  the  pre-Camhriau  on  the  Oambrian  is  carried,  both 
on  the  northwest  and  on  the  southeast,  directly  across  the  strike  of  the 
two,  while  whenever  the  two  are  found  iu  immediate  contact  they  are 
squeezed  into  saperflcial  conformity.  This  is  because  of  the  lack  of 
safflcient  ontcrop.  If  one  could  trace  the  whole  boundary,  I  have  no 
doabt  it  would  ran  northeast  in  general  direction,  bat  with  many  sharp 
aerratnree  directed  northwest  and  southeast. 

The  bottom  of  the  Fannington  Biver  Talley  in  Otis  abonnds  in 
large  bowlders  containing,  in  great  abnndance  and  often  in  very  flne 
crystallization,  the  following  minerals :  wemerite  in  white  stoat  crystals 
and  large  lavender  masses,  pale-green  pyroxene  in  cleavage  masses 
several  inches  across,  titanite,  hornblende,  emerald-green  actinolite, 
pyrite,  and  graphite. 

On  the  hill  a  half  mile  south  of  the  hotel  is  an  outcrop  of  ooarBOf 
granular,  scarcely  cemented  limestone,  carrying  red-brown  titanite  and 
grains  of  wemerite  and  coccolite,  deeply  excavated  by  weathering, 
from  which,  tradition  says,  two  cart  loads  were  once  blown  out  by  a 
mysterious  explosion  while  the  owner  of  the  {arm  was  iu  dose  proximity 
to  the  place. 
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Along  the  river  in  Otia  Center  there  are  also  found  many  large 
bowlders  of  a 'fine  chalcedony,  a  very  charaoteriBtlc  faolt  rock  which 
gives  eviclaice  of  the  special  activity  of  circulating  Boldtiona  along  the 
fault  plane.  There  are,  among  others,  very  large  masses  of  fine,  white 
to  pale  eky-blne  bowlders,  which  are  dmsy  and  botryoidal  ia  cavities. 
They  represent  the  last  stage  of  deposition,  since  they  inclose  many 
angnlar  fragments  of  a  deep-yellow  jasper,  showing  that  this  jasper  had 
bees  an  earlier  fllliag  of  the  flssore,  made,  doobtless,  by  waters  at  a 
higher  temperature,  which  were  able  to  dissolve  iron  as  well  as  silica 
from  the  gneiss. 

Both  these  ohalcedomes  contain  fragments  of  the  wemerite,  proving 
that  still  earlier  movements  had  sliattered  the  wernerite  limestone, 
that  a  solation  of  the  calcite  had  followed,  and  that,  later,  a  oementa- 
tioQ  of  the  residual  silicates  by  silica  had  taken  place. 

"BMOWPLOW"  ANTICLIWB   OP  BEAB'   MOUMTAIM. 

"Beartown  Mountain.  The  vast  pile  of  moantftiuB  that  bears  this 
frightfbl  name  lies  sontheast  of  Stockbridge."  (Hitehoooh'a  Final 
Report,  p.  236.) 

The  great  autidiue  of  8ky  Hill  and  Beat  Moaotaio  has  been  doself 
folded,  with  north-south  axis,  has  been  strongly  overtamed  to  the 
westward,  and  has  then  been  bent  around  into  a  sharp  V  (with  apex 
directed  northwesterly),  by  the  movement  of  the  north  limb  of  the  anti- 
cline  around  through  the  east  quadrant  so  as  to  point  sontfaes3t.  It  is, 
of  coarse,  not  iutimated  that  these  events  happened  successively, 
though  it  does  not  seem  to  me  wholly  impossible  that  such  may  have 
been  to  some  extent  the  case.  It  is  certainly  most  probable  that  they 
were  nearly  con  tern  iKtraueons. 

As  a  result  of  this  posture  of  the  rocks,  the  high  ground,  consisting 
of  older  rocks,  encroaches  on  the  limestone  valley  to  the  west  by 
exactly  the  full  width  of  this  anticline.  The  general  stnictore  of  the 
anticline  can  well  be  compared  to  one  of  the  large  double  railroad 
snowplowB  formed  of  two  vertical  concave  surbces  which  diverge  &om 
ft  central  prow.  If  the  Oambriaii  goeias  on  the  north  and  west  of  the 
pre-Oambriau  could  be  removed,  the  north  and  west  surfitoe  of  the  pre- 
Cambrian  would  have  the  shape  of  such  a  snowplow.  In  other  words, 
northeast  aud  southwest  sections  across  the  mass  present  a  gradually 
widening  fan-structure  as  they  are  drawn  along  lines  more  and  more 
distant  from  the  apex  at  the  northwest. 

The  same  structure  is  continued  for  many  miles  to  the  sontheast,  and 
1  mile  south  of  Monterey  the  Cambrian  conglomerate-gneiss  mounts 
over  the  Stockbridge  limestone  iu  a  similar  snowplow  anticline  and  is 
itself  surmounted  in  the  same  way  by  the  pre-Cambrian  of  Morley  HilL 

The  area  of  exposure  of  the  pre-Cambrian  in  Bear  Mouutaiu  is 
luuatej  a  narrow  band  extends  from  the  apex  down  the  crest  of  the 

>Sm  rootDoU  an  p.  IS.  i  i  i  i-  »^.>..v'-i^i^ 
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moantaia  from  its  northern  end  for  4  miles  soath,  bends  east,  with 
an  easy  sickle-shape,  and  ends  jnst  across  the  road  north  of  Livermore 
HUL 

The  west  lobe  has  an  average  width  of  less  than  a  half  mile.  l<^m 
its  northern  part  it  sends  a  broad  lobe,  a  mile  wide,  east  for  3  miles  into 
the  Sandisfield  qnadrangle.  The  western  lobe  is  composed  of  the  Wash- 
ingtdta  blae-qoartz  gneiss,  often  strongly  banded,  graphitic,  and  rery 
msty.  The  eastern  lobe,  excepting  its  eastern  end  on  Sky  Hill,  which 
is  described  below,  is  comt>08ed  of  the  coarse,  white,  liguiform  Tyring- 
ham  gneiss. 

A  band  of  black  amphibolite,  of  fine  grain  and  well  bedded,  which 
occnrs  at  or  near  the  contact  bat  within  the  Becket  gnnss,  aids  in 
fixing  the  limits  of  the  older  bed. 

The  stmctare  of  the  western  lobe  is  that  of  a  closely  compressed  anti- 
cline overtnmed  to  the  west.  It-a  axial  plane  strikes  a  little  west  of 
north  for  three-fonrtha  of  its  length  and  bends  aronnd  to  strike  soath- 
east  in  its  sonthern  fourth;  it  dips  75°  to  80°  B.  The  best  places  to 
stndy  the  beds  are  where  the  road  crosses  Bear  Mountain  on  its  sonth 
end  a  mile  north  of  Livermore  Hill,  and  on  the  top  of  Sky  Hill.  At 
the  former  place  the  axis  of  the  fold  is  exposed  in  a  heavy  blaff  on 
the  east  of  the  road  sonth  of  a  coal-bnruer'B  hat,  and  is  a  coarse,  very 
qaartzose  biotdte- gneiss,  quite  rusty  and  well  banded,  and  composed 
Hlmost  wholly  of  blue  quartz. 

Fifty  rods  to  the  south  the  amphibolite  crosses  the  road  and  fixes  the 
boundary.  Fifty  rods  north,  at  the  highest  ground  south  of  the  last 
bridge  over  the  brook,  the  white  Cambrian  gueiss  can  be  seen  in  con- 
tact with  the  blne-qnartz  gneiss,  dipping  away  from  it,  with  many 
convolations,  to  the  northeast. 

The  bed  of  amphibolite  crosses  the  brook  opposite  the  schoolhonse  a 
mile  east  of  Bear  Mountain  peak,  and  appears  in  great  force  three- 
foarths  of  a  mile  southwest  of  that  point  and  100  rods  southeast  of  the 
peak,  where  it  has  a  width  of  40  rods.  From  the  schoolhonse  it  bends 
east  and  runs  down  the  Monterey  road  to  the  boundary  of  that  town. 

The  boundary  of  the  bed  continues  along  near  the  road,  often  marked 
by  small  horublendic  bands. 

At  the  isolated  home  of  Mr.  Beebe,  the  well-known  weather  prophet 
of  the  moantain,  the  amphibolite  again  appears,  while  soath  of  that 
point,  in  a  section  a  mile  long  crossing  the  whole  band  fh>m  north  to 
south  and  emerging  near  the  beginning  of  the  Monterey  road,  only  the 
iDonotonons  Tyringham  gneiss  is  visible. 

At  tlie  east  end  of  the  syncline  is  Hky  Hill,  rising  above  the  formw 
settleanent  of  the  Shakers,  at  Femstde,  and  noted  as  the  burial  place 
of  Mother  Ann,  queen  of  tho  Shakers. 

An  area  nearly  a  mile  long  and  a  third  of  a  mile  wide,  upon  the  crest 
of  the  hill,  is  occupied  by  the  rnsty  graphitic  Washington  gneiss,  while 
the  white  Oambrian  gneiss  wraps  round  the  two  kinds  of  pre-Gambriao 
rocks,  showing  unconformity.  ^    "  ■-■"^s'^ 
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A  bed  of  coarse  gDeiSH,  7ith  a  band  rJcb  io  homblonde  and  tttanite, 
iB  the  soatheastem  apex  of  the  pre-Gambrian  rocka  Everything  indi- 
cates an  overtomed  anticline  of  the  older  rocks  included  in  the  Cam- 
brian Becket  gneiss. 

The  Becket  gneies  is  abandantly  exjKwed  over  broad  areas  to  thf 
east  and  north,  and  strikes  y.  20  to  30°  W.  and  dips  30  to  40°  W. 
nnder  the  pre-Gambrian.  On  the  eastern  slope  of  the  east  spar  of  Sky 
Hill  the  Becket  gneiss  rests,  wavy  and  iiregalar,  on  the  older  rock, 
which  is  a  stretched  gneiss  of  light  color  with  large  grains  of  tn&gnetite. 

At  the  top  and  at  the  east  aspect  of  this  hill  the  typical  maty,  blae- 
qnartz,  graphitic  gneiss  is  iu  great  force — a  ragged-snrfaced,  well- 
banded,  nuty-brown  rock. 

The  bedding  is  expressed  by  bands  almost  an  inch  apart,  which, 
being  more  qaartzose,  stand  at  a  regular  uniform  level,  while  the  inter- 
veaing  micaceoas  layers  are  deeply  excavated  by  weathering,  makiog 
a  very  rough  surface.  The  rock  is  always  very  maty,  and  at  tames 
shows  an  abundance  of  lavender  qaartz,  bat  is  usaally  so  crashed  that 
only  a  bine  core  can-be  seen  here  and  there. 

The  boundary  is  beaatifully  exposed  around  the  north  slope  of  this 
east  spar,  and  runs  5  rods  south  of  two  great  dead  trees  which  are  visi- 
ble from  the  whole  length  of  Tyringham  Valley  below.  It  then  runs 
northwest,  past  a  large  cellar  of  the  abandoned  Sbaker  settlement  at 
the  1,700-foot  contoar  northwest  of  the  snmmit  of  Sky  Hill. 

All  of  Sky  Hill  for  100  feet  down  is  of  the  same  raaty  rook.  A 
great  band  of  black,  heavy,  hornblende  rock  runs  across  the  crest  of  the 
hill,  and  west  of  it  is  a  micaless  gneiss  with  the  aspect  of  a  qoartzite. 
A  hundred  feet  down  the  slope  on  the  west  is  a  very  rusty,  extremely 
graphitic  schistose  gneiss.    All  these  beds  are  pre-Gambrian. 

G^ing  down  the  mountain  to  Femside  we  pass  over  the  whole  Cam- 
brian and  Silurian  series  inverted,  and  then  over  the  Silurian  and  Cam- 
brian in  normal  order,  and  come  upon  the  pre-Gambrian  in  the  bottom 
of  the  valley.  In  order  to  understand  this  complex  eyncline  one  shoold 
consult  the  sections  of  Bear  Mountain  in  the  Hoosatonic  folio. 

HONTBBEY   AREA.. 

As  a  resnit  of  strong  overthrnsts  to  the  west  a  small  pre-Oambrian 
area  appears  on  the  south  line  of  Monterey,  between  two  brooks.  Its 
south  end  is  in  New  Marlboro,  at  the  brook  which  crosses  near  the 
bouse  formerly  occupied  by  E.  K.  Smith,  a  J  miles  south  of  Monterey. 

Here  the  section  in  fig.  10  is  exposed.  Beneath  the  dam  the  Becket 
gneiss  is  in  place,  with  traces  of  pebbles  1  to  5  inches  long.  Tbis 
gneiss  is  continaoas  in  the  field  northeast  of  the  hoase,  and  contains  the 
beds  of  amphibolite  which  mark  the  neighborhood  of  the  Cambrian 
contact.  The  rook  dips  northeast  and  seems  conformable  with  graph- 
itic gneiss,  which  appears  in  the  yard  of  the  house  and  can  be  traced 
into  the  great  hill  of  pre-Gambrian  rooks  to  th^.,i^f>r(^.^^|^of,9rthni8t 
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onto  the  Stockbridge  limestoDe,  which  appears  iu  great  force  weBt  of 
the  hoase  and  to  the  soath  grades  into  mica-schist. 

On  the  hill  to  the  north  the  blue-quartz  gneiss  is  abundant,  asso- 
ciated with  coarse  graphitic  gneiss.  Coarse  black  hornblende  in  large 
cleavage  pieces,  rusting  to  red  in  the  center,  and  a  dark-green  pyros- 
enic  rocli  with  remnant  of  limestone,  also  occnr  here. 

All  along  the  northwestern  border  is  a  sugary  crushed  rock,  almost 
wholly  fine  grannlar  plagioclase,  with  a  uniform  small  amount  of  mag- 
netite,snd  at  times  minute  garnets,  a  little  biotite,  and  filmsof  moscovite. 
It  carries  also  lenses  of  deep-green  to  black  coarse  hornblende,  with 
centers  of  the  coarse  calcite  from  wliich  the  silicate  has  been  derived. 
The  whole  is  a  crashed  facies  of  the  pre  Cambrian  limestone  on  the  fault. 


BOVTHERN  AREAS. 

The  small  pro-Cambrian  outcrops  which  ran  south  from  New  Marlboro 
village  to  the  southern  line  of  the  town  are  everywhere  very  rusty  and 
have  often  tempted  the  landowners  to  onremnnerative  miuing,  as  at 
the  Cleveland,  Hotchkiss,  and  Wadsworth  miues.  Bauds  of  impure 
limestone  are  abundant  and  have  often  been  changed,  more  or  less,  to 
silicates.  Calcareous  amphibolites  itnd  pyroxenites  are  as  a  result 
common,  and  often  carry  a  nickeliferous  pyrrbotite,  which  at  the  Hoitcb- 
kis'4  mine  ba»  furnished  fine  crystals. 

The  limestones  are  characterized  by  the  abundance  of  sulphides  of 
iron  and  by  the  absence  of  the  finely  crystallized  silicates,  of  wernerite, 
and  of  various  forms  of  chalcedony,  which  appear  farther  north,  where 
the  beds  are  cut  by  great  faults. 

The  pre-Cambrian  rocks  lie  in  whole  or  in  part  in  deep  landlocked 
depressions,  which  seem  to  have  been  formed  by  the  removal  of  the 
limestone  by  solution,  the  sinking  in  of  the  thin,  flat  Cambrian  cover 
and  the  later  removal  of  its  fragments.  The  last  stages  of  this  work 
of  removal  we  may  ascribe  to  the  action  of  the  Clacial  ice. 


A  mile  southwest  by  sooth  of  SouthfleKl,  at  the  honse  of  Q.  Law- 
rence, the  Becket  gneiss,  with  a  band  of  black  hornblende-gneiss, 
crosses  the  road. 

A  few  rods  north  are  large  cliEfs  of  the  rasty,  very  graphitic  gneiss, 
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with  pale-^reen  lioriiblflDde,  and  the  hoandary  cau  be  followed  fron 
there  X.  60°  W.,  making  a  sharp  loop  where  it  croasea  the  border  of 
the  quadrangle  and  then  going  nortti  weat  over  the  north  fiank  of  the  hill, 
passing  thas  into  the  Sheffield  quadrangle.  Itagain  entco^  the  Suidi» 
fleld  quadrangle  on  Collins  Hill,  wbere  the  Oambrian  gneiss  is  beao- 
tifully  conglomeratic,'  and  mne  along  jnst  sootli  of  the  road  Into  New 
Marlboro  and  through  the  village  to  a  point  near  a  small  dam  east  of 
the  town. 

On  Collins  Hill  the  pre-Camhrian  gneiss  oontaina  the  bine  qoartz 
which  is  so  characteristic  farther  north. 


High  bluffs  of  the  light  Becket  gneiss  rise  north  of  the  hoase  of  J. 
Wade  and  occupy  the  hill  to  the  south  of  it,  and  between  emerges  a 
small  pre-Cambrian  area,  mainly  in  the  valley  bottum,  bat  rising  a  little 
above  it  a  short  distance  west  of  (he  house.  This  area  is  a  dat  triangle 
about  100  rods  long  and  40  tods  wide,  and  along  its  northeast  border 
rises  a  band  of  coarse,  impnre  limestone  and  pale-green  homblende- 
gneisfi. 

HARMON   POND  ARBA. 

The  banks  on  the  east  side  of  this  jjnnd  descend  almost  vertically 
into  deep  water,  and  3  feet  above  the  water's  edge  the  pre-Gambriuit 
emerges  fh>m  beneath  the  Becket  gneiss  as  a  band  of  green  amphiboliie 
with  a  tbiu  band  of  coarse,  loose,  granular,  coccolite-chondrodite-limc- 
stone,  and  a  micaleea  gneiss  with  titanite  and  chlorite  psendomorph, 
apparently  after  titanite.  Bowlders  of  the  pre-Cambrian  rocks  are  foand 
oronnd  th^  jmnd,  but  the  first  ontcrops  in  the  blnffs  back  from  the 
water  are  Cambrian.  (See  section  of  Cleveland  Moantain  shown  in 
flg.  11,  p.  64.) 

SOUTHVIKLD   CBMKTERY  AREA. 

A  little  way  ap  the  hill  from  the  Sonthfield  cemetery,  a  mile  south  of 
the  village,  is  a  ledge  by  the  roadside  where  the  extremely  rusty  char- 
acter of  the  rock  has  tempted  somebody  to  waste  time  iu  blasting,  and 
the  ledge  has  been  so  nndermined  that  tbe  rock  can  be  seen  to  form  a 
low  dome.  Outcrops  of  the  Becket  gneiss  are  near  at  hand  on  nil  sides, 
showing  that  it  is  a  very  limited  area  domed  up  through  tbe  newer 
rock,  which  is  an  exceedingly  rusty  dark-green  pyroxenite,  largely 
horn  blend  ic. 


Northwest  of  East  Pond  in  Sew  Marlboro,  a  few  rods  north  of  tbe 
house  of  Mr.  I.  Hotchkias,  a  bed  of  massive,  white,  coarse  limestone 
emerges  from  beneatb  the  Becket  gneiss,  which  is  at  this  point  a  flue 
quarry  granite,  and  a  limekiln  has  been  erected  here.  The  limestone 
dips  26°  y.  on  the  north  side  of  the  quarry  and  20^  8.  on  the  south  side. 

<MTatt«iUonvMorilwltoUielDullljb;Prar.  WUUunH.  Hobb*.      S'^ 
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It  la  exposed  vith  a  tliickneas  of  10  feet,  and  no  bottom  appears.  It 
is  exceptioually  pure;  a  few  small  cbrondrodite  grains  and  pale-green 
chlorite  dakes  occar. 

At  the  edge  of  the  brook,  a  half  mile  below  the  house,  a  shaft  hfw 
been  sank  about  12  feet  upon  a  group  of  small  pyrite  veins  in  the 
coarse,  rosty,  dark-green  pyroxenite.  Crystals  of  pyroxene  an  inch 
across  can  be  found,  generally  eight-sided  prisms,  terminated  by  imper- 
fect and  rounded  0  faces.  A  coaraebladed  green  hornblende  also 
occurs.  Two  veins  of  the  pyiite  are  3  to  4  inches  wide,  bunching  to  a 
foor  and  showing  rude  cubes  of  pyrite  1  to  1  j  inches  across,  and  pyr- 
rhotit«  in  cubical  masses  up  to  an  inch  on  a  side  and  in  fine  crystals 
an  inch  long — tbree-eided,  slightly  tapering  prisms  with  edges  trun- 
cated. These  crystals  weatlier  to  a  liver-brown;  a  basal  cleavage 
develops,  and  the  layers  warp  apart  and  spoil  the  crystals. 

Albite  occurs  in  druses  of  many-faced  crystals,  with  beautiful  pisy 
of  color  on  the  co  P  oo  (010)  faces.  On  the  dumps  everything  is  coated 
with  a  crust  of  a  colorless  sulphate. 


This  is  a  triangular  area  1  mile  long  A^joi  east  to  west,  a  half  mile 
wide  from  north  to  south,  half  on  the  Sheffield  qnadrangle  and  half  on 
the  Saudisfleld  quadrangle. 

At  its  northern  apex  is  the  Cleveland  iron  mine,  about  100  rods  north- 
east of  tho  house  of  J,  Cleveland.  The  Becket  gneiss,  somewhat  gran* 
itold,  rests  nearly  horizontally  upon  the  Hinsdale  limestone,  which  is 
4  or  5  feet  thick,  and  below  this,  in  the  hillside,  is  a  great  thickness  of 
the  coarse,  light-colored  Hinsdiile  gneiss,  in  which  is  an  irregular  vein 
of  magnetite,  bunching  iu  places  to  a  foot  in  width. 

The  hmestone  is  a  white,  firm,  coarse-grained  rock,  in  most  of  its 
thickness  showing  only  a  few  pale-groen  mica  scales.  Some  layers 
are  filled  with  green  mica,  buff  phlogopite,  deep-red  chondrodite,  and 
colorless  tremolite  in  fine  needles. 

Commencing  about  10  feet  below  the  limestone  the  gneiss  is  exten- 
sively trenched  to  open  the  iron  ore.  The  most  abnndant  variety  is  a 
clear  gray  gneiss,  much  resembling  at  first  sight  the  Becket  gneiss 
above  tbe  limestone.  It  is  darker  gray,  firmer,  and  the  black  mineral 
is  sometimes  wholly  black  granular  hornblende  in  rounded  separate 
grains  with  fused  surfaces,  very  difi'erent  from  the  same  mineral  in  the 
black  Cambrian  gneisses.  In  other  places  the  black  mineral  is  wholly 
magnetite.  Much  of  the  gneiss  is  highly  stretched,  the  very  scanty 
dark  mineral  being  a  dark-green  hornblende,  or  epidote  and  hornblende. ' 

Along  the  magnetite  vein  the  rock  is  greatly  crushed.  The  purest 
magnetite  is  mixed  with  hornblende,  and  the  folia  of  the  white  gneiss 
inclose  rows  of  large  hornblende  nodules  and  masses  of  epidote  and 
contain  druses  of  albite  crystals  in  cavities. 

Coarse,  friable,  granular  limestone,  containing  many  small  grains  of 
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dark-green  hornblende  and  pistachio-green  pyroxene,  are  caught  npin 
the  crumpled  rock  (see  fig.  11)  or  intorgrown  with  the  white  bom- 
bleudic  gneiss.  This  is  very  different  in  textnre  and  accessories  irom 
the  compact  thick-bedded  cboiidrodite'limeatone  above.  It  can  best  be 
looked  npOD  as  a  calcareous  vein  stone  derived  from  the  normal  inter- 
bedded  chondrodite-limcBtoue. 

The  contact  may  be  seen  in  the  edge  of  the  woods  north  of  the  hoose 
of  J.  Canfield,  nearly  1  mile  southeast  of  the  Cleveland  bouse,  Just  at 
the  west  edge  of  the  long  bluffs  of  contorted  Becket  gneiss  which 
border  the  road  on  the  north  for  a  long  way  east  of  tliis  honse.     The 
biotite-gneiss  changes  saddeuly  into  the  coarse  hornblendic  gneiss. 
The  boandary  turns  sharply  west  at  this  point  and  must  closely  follow 
the  road  west,  as  the  outcrops  of  the  biotite-gneiss  are  abandant  oa  the 
south  side  of  the  road  past  the  southern  end  of  the  Cleveland  road  to 
the  vicinity  of  the  Wadsworth  mine,  100  rods  north  and  10'^  east  of  tlie 
boose  of  Mrs.  J.  P.  Wadsworth.     Here  are  two  openings,  10  feet  deep, 
npon  a  rusting  bedof  culcareoaa  actinolite-schist.     A  former  limestODe 
bed  has  been  almost  wholly  changed  into  balls  of  a  grannlar  grass- 
green  hornblende- 
biotite  mixture.  The 
limestone  is  pinched 
into  the  gneiss  in  a 
remarkable  way,and 
where  it  is  changed 

,., ..r.        .    .- -™iv ^i ■■■"I ■«  '°**'  hornblende 

>?Tt.  'W  -■--  Tovik  it  could  be  mis- 

dike. 

In  the  center  of  the  area  is  the  Cleveland  mine  proper — ashaftaboat 
20  feet  deep.  The  rock  is  a  deep-green  massive  pyroxene-hornblende, 
carrying  mach  pyrrhotite  and  a  little  clialcopyrite,  considerable  coarse 
grannlar  calcite,  and  graphite.  The  mine  was  first  opened  as  a  gold 
mine,  and  I  was  shown  a  nugget  of  gold  half  as  large  as  a  pea  and  one 
of  silver  as  large  as  a  dollar,  which  were  said  by  the  owner  of  the 
mine  to  have  been  obtained  from  a  barrel  of  the  ore  (500  ponnds).  The 
assay  was  made  by  a  Boston  firm.  An  assay  made  by  Arno  &  Co., 
Cedar  street,  New  York,  gave  $5.50  gold  and  $0,75  in  silver  for  600 
pounds.  Later  assays  have  shown  no  precious  metals  but  varying 
quantities  of  nickel  ttota  3  to  36  per  cent.  This  information  was 
given  me  by  Mr.  Cleveland.  The  bed  was  being  worked  in  1891  by  a 
Xew  York  firm  ns  a  nickel  mine. 

The  structure  of  the  Cleveliind  area  is  anticlinal.  The  axis  is  N.  35° 
W.,  and  the  whole  is  overturned  to  the  west,  so  that  at  the  northern 
end,  where  the  overturn  is  complete,  the  Becket  gneiss  rests  almost 
horizontally  on  the  Hinsdale  limestone  and  gneiss.  On  the  southern 
end  they  stand  almost  vertically.    Along  the  southwestern  side  the 
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Becket  goeias  dtpB  low  beneath  the  older  rock  and  is  inverted.    Still 
forther  west  and  lower  down  the  CheBbire  quartzite  rests  on  the  Stock- 
brid^  limestone  in  the  beaatifal  dome  cited  h;  Professor  Dana; '  so  that 
going  west  from  the  Cleveland  mine  one  has  the  whole  series,  from  the 
pre-Gambrian   to   the 
limestone  inverted, 
as   indicated    by  fig, 
12,    showing    section 
thronffh  the  Cleveland 
mine  and  through  Har- 
mon Pond. 

NORTH  CANAAN  AND  WEST 

ARRAS.  


Limettone. — On  the 
road  from  Korfolk  that 
enters  North  Canaan  aM 

at  its  extreme  north- 
east corner  are  fine 
ledges  of  the  white  rio.  ia.-OTBrtBni»d  mtii 
Cambrian  gneiss.  g„ei«;  B.,stookbtidB8i 
Crossing  tbe  brook 
iind  going  southwest  ap  the  hill  we  find  a  small  wooded  knoll  just 
aontbeast  of  the  road,  which  consists  of  the  characteristic  schistose 
nodalar  gneiss  of  tbe  region,  and  shows  on  ita  eastern  aspect  the  single 
ontcrop  of  limestone  which  is  foand  in  the  pre-Gambrian  of  this  area. 
It  is  in  the  east  edge  of  the 
''  woods  and  10  rods  from   tbe 

road,  and  is  exposed  only  30 
feet  from  north  to  soath  and  a 
few  feet  in  width.  Prof.  .Wil- 
liam H,  Hobbs  blasted  into  it 
for  8  feet  and  found  it  a  true 
ontcrop.  The  limestone  dips 
S0°  W.  underneath  the  nodular 
gneiss,  while  a  few  feet  to  the 
east  the  Cambrian  gneiss  ont- 
cropsin  the  pasture,  striking  N, 
■eb  20°  E.  and  dipping  70°  W.     It 

Fio.H— r«uituont»ctorprB-c«mbri»n{AiT)onCftiii     ia  a  coarse  granular  limestone 

brlon  B«kB(  gnel»  (Cb)  ooDtiUniiiK  gnDila  (s)  ud      f     tj.„„f.\nopnt.      trains       with 
■mpbibolit.  {.)  i  DorthwMt  corner  of  North  Ouwn.      ^^      tranSlUCenC      graiTIS,      WltU 

rotted     chondrodite,     phlogo- 
pite,  and  large  blue  orthoclase  nodules. 

Ifodutar  gneita. — The  coarse,  rusty,  highly  micaceous  mnscovite- 
biotite- gneiss  at^acent  to  the  limestone  described  above  is  fall  of  large 
pebble-like  nodules,  which  represent  ancient  porpbyritic  feldspars,  now 

fl,VaLXXIX,p.3Z2.  (LomJItr  lion  Dans'i  mmp.) 
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largely  cbaoged  to  matted  maases  of  coarse  muacovite  which  is  filled 
in  varying  degrees  with  flbrolite.  It  alao  contains  large  garnets,  and 
weathers  to  a  very  rongh  surface. 

The  rock  contaioe  graphite  regularly,  and  is  exactly  like  the  rock  of 
Seymoar  Monntaiu  in  Sandisfleld,  into  which  I  have  traced  th«  pre- 
Oanibrian  blue-quartz  gneiss  of  Tyringham  and  Otis.     (See  p.  66.) 

Following  the  road  a  half  mile  aoothweat,  to  near  its  end  on  Tobey 
Hill,  we  find,  south  of  the  red  bouae  at  the  end  of  the  road,  the  best 
exposure  for  the  study  of  these  nodular  gneisses  and  their  posture 
against  the  foult  by  which  they  tonoh  the  Cambrian  on  the  sooth  (see 
flg.  13). 

Ihe  white  gueiss  (6b),  with  beds  of  aoiphibolite  and  gamete,  abuts 
against  the  nodular  gneiss,  and  this  rock  continues  with  a  monotonoos 
regularity  for  a  mile  southeast,  to  the  west  foot  of  Ball  Moantaui,  where 
it  often  carries  a  little  tonrmaline. 
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Campbell  FaM»  section. — Following  the  schistose  gneiss  a  half  mile 
northwest  from  the  limestone,  to  the  point  where  the  next  road 
north  crosses  Whiting  River  (the  brook  coming  from  Bast  Pond)  at  a 
fine  waterfall,  we  find  clearly  shown  the  contact  of  the  Cambrian  gneiss 
on  the  east  with  the  older  gneiss.  Fig.  14  gives  the  relations  of  the 
two  rocks  and  PI.  IV  shows  them  represented  in  the  central  portion 
of  the  diagram.  All  to  the  right  or  east  of  the  water  is  Cambrian 
gneiss,  which  continues  a  little  way  to  the  left,  to  the  foot  of  the  vertical 
blafi*  of  the  older  nodalar  gneiss  which  rises  above  the  upper  level  of 
the  water.  The  strong  shear  planes  run  in  the  white  gneiss  parallel 
with  the  falling  waters,  and  west  of  the  pool,  at  the  bottom,  the  white 
gneiss  can  be  seen  dipping  beneath  the  older  rock. 

South  of  the  fault  the  same  nodalar  gneisses  appear  in  ibrce,  and  one 
of  the  best  places  to  study  them  is  south  of  the  road  running  northwest 
onto  Tobey  Hill  from  the  point  mapped  in  fig.  13  (p.  65)  and  south 
of  the  western  hoase  in  the  figure.    Specimens  from  this  place  have 
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been  described  by  Professor  Hobbs'  as  iUastrations  of  the  change  of 
orthoclase  to  mascovite. 

These  rocks  cross  the  railroad  at  the  west  end  of  the  long  West  Ifor* 
folk  cat.  (See  PI.  V,  p.  76.)  Here  there  is  tlrst  a  rnsty,  spangled  mns- 
covitC'gueiss,  coiitaJDiug  graphite,  pyrite,  and  flbrolite,  dipping  east 
beneath  a  light  actiuolite-gamet-gDeiss,  which  also  dips  east  against  a 
granite- filled  fanlt  plane  near  the  third  telegraph  pole  firom  the  entrance 
of  the  cut.  It  abnts  against  the  black  qnartzite  common  at  the  base 
of  the  Cambrian. 

The  same  nodnlar  schist  makes  np  the  bigb  gronnd  south  of  the 
river  at  West  Norfolk  and  is  well  represented  lu  the  ledges  soath  of 
the  hotel  in  Norfolk. 

On  the  brow  of  the  hill  in  West  Norfolk,  near  the  south  line  of  tiie 
Sandisfleld  qoadraugle,  iron  ore  is  found  around  the  house  of  H.  M, 
Jones,  near  the  upper  end  of  Lake  Wungum. 

Nodule*  in  ths  gneiss.— The  rock  at  GHmpbell  Falls  is  a  coarse  mus- 
covite-biotlte-gueiss,  very  micaceons,  with  nodules,  about  an  inch  long, 
of  coaroe  i>egmatitic  feldspar,  bordered  by  a  band  of  black  biotite  and 
brown  hornblende.  Another  form  is  iu  its  ceotral  part  made  np  of  a 
single  crystalline  grain  of  quartz,  with  a  partial  border  of  coarse,  much- 
twisted  mascovite,  both  full  of  flbrolite.  Another  form  is  composed  of 
a  single  large  crystalline  grain  of  mnscovite,  full  of  flbrolite;  and  still 
another  U  of  coarse  granular  microcline,  without  flbrolite. 

The  groandmass  of  the  rock  is  a  finely  foliated  mixture  of  masco- 
vite and  biotite,  often  iotergrowu,  often  mnch  twisted  by  pressure  and 
finely  foliated,  but  without  flbrolite. 

The  rock,  aa  found  in  the  ledge  west  of  the  limestone  on  Tobey  Hill 
and  in  bowlders  southeast  of  Ball  Mountain,  coming  from  the  same 
area  contains  nodulea  of  mnscovite  full  of  tufted  flbrolite,  and  litrge 
grains  of  orthoclase  also  containing  flbrolit«.  The  nodules  are  sepa-' 
rated  by  a  finer  grained,  confused  inuscovite-biotite  gronndmass.  A 
qnartz-feldspar  mosaic  often  surrounds  the  nodules,  being  formed  by 
their  partial  crushing. 

The  flbrolite  is  tbuud  in  quartz,  feldspar,  and  mascovite,  and  not  in 
biotite.  It  is  often  in  a  sort  of  sagenitic  network  on  the  C  &ce  of  the 
mica,  arranged  parallel  to  its  prism  faces. 

Prof.  William  H .  Hobbs  has  described  these  nodules  ftvm  the  bowlders 
and  found  the  cleavage  and  Carlsbad  twinning  suture  of  the  feldspar 
retained  in  the  mica.'  He  gives  the  following  analysis  made  by  Dr. 
W.  F.  Hillebrand,  of  the  United  States  Geological  Survey. 

■  PMndoniofpha  ftfE«T  folcUpftr  ftvm  NnAilk  Towiubip,  ConoHtiDut;  Am^  Qeologlat,  Vol.  X^  p-M, 


biGoogle 


68  GEOLOOT.  OP  EASTERN  BERKSHIRE  COUNTT,  MASS,     ("i 

A»alt»i»  tfnoA<iU*fnm  Norfolk  Taimuiiip,  C<nM»ea<mt. 


We  examined  the  locality  together  and  then  considered  the  nodoles 
to  have  been  pebbles,  as  mentioned  in  bis  article,  an  opinion  which  I 
have  siuoe  abandoned. 

80UTHBA8TEBN  ABBA. 

Above  Riverton,  on  the  Farmington  River  below  the  Sandisfield 
quadrangle,  ia  a  large  ontcrop  of  the  Hinsdale  limestone  and  the  iisso- 
ciated  bomblendio  and  py roxenic  rocks,  rising  in  the  center  of  a  broad 
area  which  may  be  associated  with  the  Washington  gneiss  throagh  the 
BandiaBeld  area  just  described,  tbongh  tbe  bine  quartz  is  absent,  being 
replaced  by  flbrolite,  while  tlie  presence  of  graphite  and  of  both  micas, 
the  rnstiuesa,  and  tbe  coarse,  ragged,  somewhat  schistose  texture  of 
the  gneisses  distingaish  them  from  tbe  Oambrian  above. 
.  A.  characteristic  rock  in  this  area  is  a  dallblack  biotite-gneiss,  highly 
flbrolitic  and  msty,  spangled  with  large  flakes  of  mnscoTite  and  often 
aboauding  in  large,  irregular  garnets.  The  band  extends  far  northeast 
and  southwest,  bnt  nearly  its  full  width  is  found  in  the  Bandisfield 
qaadrangle.  Where  it  enters  the  quadrangle,  east  of  Mount  Fisgahr 
it  is  a  sagary-crusbed,  rusty,  graphitic  hombleude-gueiBS. 

PYROXENITES  AKD  AMPHIBOLITBS. 

The  passage  of  the  limestone  into  a  coat-se-grauntar  leek-green 
pyroxenite  is  very  common ;  a  large  bed  of  this  kind  appears  at  A. 
Ducharne's,  at  the  south  ai>ex  of  tbe  Sandisfleld  pre-Gambrian  area. 
(See  p.  56.) 

A  knob  of  a  similar  rock  projects  above  the  level  of  the  track  at  the 
signal  house  west  of  tbe  Middletleld  station.  It  is  a  calcareous  diopside 
rock  derived  f^m  the  pre-Gambrian  limestone  and  projecting  into  the 
Bei;ket  gneiss.  Other  similar  projections  appear  in  the  cnt  nearer  the 
limestone.  It  has  disseminated  crystals  of  a  black  hornblende,  Inster- 
mottled  (poikilitic)  by  the  earlier  diopside,  and  changes  into  a  gceeo 
,  ampbibolite  which  contains  little  plagioclase  and  no  ore. 
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BerauBe  of  tbe  intereat  which  attaches  to  the  origin  of  ampbibolites, 
special  atteotion  is  called  to  the  change  of  tbe  limeatone  iit  HiDsdale 
into  black,  massive  amphibolite  and  hornblendic  goeiaa,  both  by  the 
formatioD  of  ioterstratifled  beds  of  various  dimenuons,  and  by  an 
alteration  progresaing  from  both  tbe  t^p  and  tins  bottom  until  only  a  tew 
feet  of  limestone  remain  at  the  center,  and  also  to  the  Cleveland  area, 
^fhere  the  limestone  is  pinched  into  the  gneiss  like  a  dike  and  then 
partly  changed  to  amphibolite  (fig.  11). 

The  amphibolite~wbicli  occurs  in  eontinaation  of  the  limestone  at 
tbe  Alderman  farm  at  Bechet  Center  and  which  has  been  qtiarried  as 
emery  and  copper  ore,  and  tbe  exactly  similar  rock  found  adjacent  to 
the  Coles  Brook  limestone  1  mile  east  of  the  Alderman  farm,  are  more 
difficult  of  assignment.  This  is  a  black,  massive,  granular  rock  quite 
like  the  altered  Cambrian  dikes  described  below.  It  carries  garnet, 
and  the  black  ore  which  it  contains  is  associated  with  titanite  (lencox- 
ene) ;  the  colorless  ground  is  largely  quartz.  Tbe  rock  is  mnch  like  the 
Lee  gneiss  above  East  Lee,  described  on  page  33,  and  I  have  associated 
it  with  the  Lee  gneiss,  as  a  derivative  of  the  calcareous  transition  beds 
above  the  Hinsdale  limestone. 

ANALYSBS  OF  PRE-OAMBSIAI4  LIMKSTONS8. 

The  following  analyses  of  pre-Gambrian  limestones  are  taken  ftx>ni 

Hitchcock's  Final  Report  of  tbe  Geology  of  MasaachusettH,  page  80, 

Tbe  other  Berkshire  analyses  in  this  table  are  of  the  Stockbridge 

limestone : 

Anatsf  qf  pre-Cambti^a  Umttlonet. 
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1.  Le«,  1  mile  eaalof  village;  burned  for  lime,  lliis  is  from  tha  hill  above  East 
Lm. 

2.  HlddlefleM;  Coles  Brook;  white. 

3.  BlaudfoTd;  white.  This  is  a  great  bowlder  tuaa  the  Coles  Brook  bed,  fouod 
sooth  of  tbe  village  of  North  Blandfurd. 

i.  Becket,  soatheaet part;  magDesian. 

CAMBRIAN  SYSTEM. 

An  inspection  of  the  map  will  show  that  tbe  Cambrian  gneisses  and 
quartzitea  cover  more  of  the  surfiwe  than  do  tbe  rocks  of  any  other 
system. 

In  tbe  area  between  tbe  pre-Cambrian  and  the  Stockbridge  limestone 
it  Is  helpful  to  cany  oat  the  distinction  between  tbe  lower  portion  of  the 
system — the  Becket  gneiss,  which  was  originally  largely  conglomeratic 
and  is  now  chiefiy  a  nmsoovite-gneiss  with  some  quartzite — and  an 
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npper  portion  wbicli  was  origiaally  largely  a  quartz  sand  and  is  now 
ofaanged  to  a  more  of  lesa  micaceous  qaartzite — tbe Cheshire  quartzite, 
very  generally  characterised  by  the  presence  of  minate  crystals  of  dark- 
brown  toannaline,  althongh  the  qaartzite  sometimes  extends  to  tbe 
base  of  the  system. 

This  qnartzite  is  locally  replaced  by  a  mica-schist,  which  is  ofteD 
greatly  corrugated.  On  thci  east  side  of  the  pre-Cambrian  the  Cainbriao 
is  largely  a  biotite-gneiss  and  is  completely  gDeissoid  up  to  the  hydro- 
mica-achists  and  lacking  in  toormaliue. 

UNCONFOBMITY  AT    THB  BASB   OF    THE   OAHBBIAN    OONOLOHSBATB. 

Five  rods  east  from  the  mountain  cottage  on  the  hill  high  above  Dai- 
ton  Station  the  conglomerates,  themselves  nearly  horizontal,  can  be 
seen  resting  upon  tbe  vertical  beds  of  the  older  gneisses  which  strike 
N.  SO'^  E.  One  can  follow  the  junction  in  the  dtS^  south  and  then 
for  a  mile  southwest  down  the  mountain  side,  to  tbe  brook  above  J.  S. 
Barton's,  with  excellent  e^ipoHure,  as  indicated  in  fig.  4,  page  40.  It  con- 
tinoes  up  the  side  of  Warner  (or  Day)  Mountain,  and  on  south  through 
the  woods  for  2  miles  to  the  great  fault  described  hereafter  (p.9i). 
On  tbe  opposite  side  of  tbe  anticline,  along  the  east  slope  of  tbe  same 
hill,  tbe  same  unconformity  can  be  seen,  though  the  onterops  are  poorer. 
Everywhere  the  old  gneisses  strike  K.  80"  E.  and  are  nearly  or  quite 
vertical,  while  the  conglomerates,  nearly  hortzontui  at  tbe  top,  take  a 
low  dip  westward  down  ttie  west  side  and  eastward  down  the  east  side 
of  the  long  hill,  and  before  it  was  cut  through  along  tbe  crest  of  the 
hill  they  mounted  over  it  symmetrically. 

The  anconformity  is  thus  striking,  abundantly  exposed,  and  extends 
for  a  long  distance.  The  same  unconformity  clearly  exists  along  the 
west  flank  of  the  West  Washington  anticline  (shown  well  at  P.  Con- 
roy's  bonse),  a  mile  northwest  of  the  Becket  reservoir. 

Around  tbe  great  Hinsdale  anticline  there  is  everywhere  a  general 
apparent  confbrmity,  but  there  is  very  commonly  a  discrepani^  of  10° 
to  30°  in  the  etrike,  while  the  dips  uniformly  agree  in  being  low  to  the 
east;  bnt  tbe  whole  anticline  is  so  forcibly  pushed  over  weatwardly  and 
flattened,  and  the  outcrops  on  theexact  junction  are  so  few,  that  itgivea 
little  important  evidence  on  the  subject. 

Tbe  pre  Cambrian  at  the  Coles  Brook  anticline  is  thrust  very  irregu- 
larly through  the  Cambrian,  and  the  unconformity  is  well  shown  iu  the 
description  of  the  section  at  the  month  of  the  brook  (see  p.  41),  and 
is  apparent  in  the  whole  length  of  the  band  from  the  contact  of  tbe 
Cambrian  gneisses  witli  the  different  members  of  tbe  older  series.  It 
is  more  beautifully  shown  a  mile  north  of  tbe  railroad  cutting,  where 
tbe  road  comes  down  off  the  mountain  and  crosses  the  limestone  near 
'  tbe  site  of  tbe  burned  bouse  of  H.  Hawes.  As  seen  in  the  figure  (fig. 
15),  tbe  Cambrian  gneiss  wraps  in  easy  folds  over  the  vertical  pre- 
Cambriau  limestone,  which  is  accompanied  by  a  msty  biotite-mnsoovite- 
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gneisB,  wttb  tonrmaliDe  aud  ooarse  graphite,  aod  on  the  top  of  the  hill, 
where  the  gneiss  is  worn  throngh,  the  limestone  appears. 

A  nearly  vertical  secondary  schistose  straetare  is  present  in  mnch  of 
tbe  gneiss.  It  ie  a  typical  Becket  goeias,  with  many  striated  octahedra 
of  magnetite,  aud  at  the  sharp  bend  in  the  road  it  contains  an  8-foot 
bed  of  a  fissile  black  amphibolite  with  films  of  biotite.  This  makes  a 
very  beautiful  slide  nnder  the  microscope.  Around  the  many  grains  of 
magnetite  an  abnndaut  growth  of  titanite  (leucosene)  appears,  swelling 
into  larger  crystals  in  a  limpid  ground  of  antwinned  plagioclase  grains. 
It  is  probably  an  altered  eruptive  rock. 


Fia.  15.— CambrUD  gaelat  foldlog  over  pre-CMnbilu 
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OOHGLOMBBATE-aNBISS  (BBOKBT  GNEISS]. 

In  the  northwestern  part  of  tbe  area  the  broad  band  of  light-colored 
gneisses  which  encircle  the  old  blue-qnartz  gneiss  of  the  Dalton  anti- 
cline is  as  uniformly  characterized  by  the  abundance  of  ma.tcovite  as 
the  older  series  is  by  that  of  biotite.  The  latter  mineral  is  not  always 
absent  in  the  newer  rock,  but  when  it  does  occur  it  is  in  small,  scat- 
tered flakes,  not  in  connected  films. 

All  the  other  characteristics  of  the  older  series  are  oonspicaously 
absent,  except  that  the  blue  quartz  occurs  in  grains  and  pebbles,  plainly 
secondary.  It  passes  gradually  upward  into  the  Cheshire  tonrmaliae- 
bearing  qnartzite. 

The  base  of  these  gneisses  is  often  a  heavy  bed  of  the  most  clearly 
developed  conglomerate  of  qnartz  pebbles — white,  black,  and  bine, 
commonly  white,  with  rarely  a  pebble  of  feldspar  or  gneiss — from  5  mm. 
to  100  mm.  in  length,  uniformly  well  rounded,  and  all  arranged  parallel 
to  a  common  plane.  They  are  sometimes  apparently  flattened  paral- 
lel to  that  plane  to  quite  broad  sheets,  in  one  case  to  round-edged  plates 
of  qnartz  150  mm.  by  100  mm.  by  10  mm.  These  pebbles  are  generally 
inclosed  in  a  large  quantity  of  groundmass,  whicb  is  changed  into  a 
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mica-BcIiiRt  or  a  miciMseoas  quartzito  by  th<3  development  of  more  or 
less  muecovite,  and  many  toarmaline  crystals  eoorust  the  surface  of  the 
pebblea,  often  in  radiating  gronps. 

This  conglomerate  bed  is  oontinnons  and  can  be  traced  for  miles 
across  Hinsdale  and  into  Washington.  It  ia  beat  atndied  at  the  Daltoo 
clubhoase  and  across  to  the  soath  in  the  open  pastore,  repreaeuted  iu 
flg.  i  on  page  40.  The  conglomerate  is  here  so  beautifully  distinct,  the 
ground  bo  completely  changed  to  a  muscovite-Bchist,  and  the  complete 
unconformity  to  the  underlying  pre^ambrian  ao  well  exposed,  that  this 
JB  the  best  locality  in  MassachnBetts  for  the  stady  of  all  the  relations 
of  the  two  forniationB. 

The  growth  of  rosettes  of  tourmaline  on  the  pebbles  and  the  sbear- 
ing  of  theconglbmerate  into  a  complete  gneiss  aloug  narrow  bands,  6 
inches  wide  and  at  right  angles  to  the  bedding,  on  either  side  of  which 
the  pebbles  are  but  slightly  flattened,  is  especially  notable.  From  the 
cinbhonse  flat  one  will  do  well  to  follow  the  contact  down  the  slope  to 
the  brook  (see  fig.  4),  where  the  Cambrian  and  the  pre-Oambrian  can  be 
seen  in  contact,  and  also  to  go  across  to  the  east  of  the  pasture,  to  the 
point  indicated  iu  the  right-hand  part  of  the  flgnre,  where  the  goeissoid 
development  is  more  complete,  although  the  pebbles  are  iu  places  quite 
distinct. 

From  the  Hinsdale  station  one  may  go  a  mite  north  along  the  rail- 
road, to  the  long  rook  cutting,  and  see  the  same  gneiss  entangled  in  n 
warped  and  overturned  synclioe  and  more  highly  metamorphosed  ami 
contorted. 

One  of  the  best  places  to  study  the  series  from  the  blue-quartz  gneiss 
up  to  the  Cheshire  quartzite,  and  especially  the  relations  of  the  con- 
glomerate to  the  pre-Cambriau  gneiss  and  the  transition  of  the  conglom- 
erate gneiss  into  the  sugary  tonmialine-quartzite,  is  in  the  nrathwest 
comer  of  Washington,  where  a  blind  road,  not  on  the  Surrey  map, 
runs  north  from  a  achoolhouse  to  the  house  of  H.  G.  Cougdoo. 

The  blue  quartz  is  extremely  abundant  and  of  rich  color.  Allauite 
is  present,  and  parts  of  the  ledges  near  the  barn  and  spring  are  crushed 
into  a  granalite,whioh  can  only  be  distinguished  as  pre-Gambrian  by  its 
association  with  other  pre-Cambrian  rocks  and  by  its  position  below  the 
Cambrian,  On  the  west  it  is  covered  anconfoi-mably  by  a  fine  mnsco- 
vitic  conglomerate-gueiss,  which  is  more  gneissoid  farther  np  trom  the 
bHse,  and  where  a  wood  road  crosses  the  brook  it  becomes  a  toarmaline- 
bearing  quartzite,  slightly  mnscovitic  Next  west,  and  thus  bigherup 
in  the  series,  it  is  a  flne,  white,  massive  quartzite,  formiDg  the  flrst  range 
of  hilla  and  becoming  schistose  as  one  goes  down  into  the  limestone 
valley. 

It  is  iu  places  a  very  feldspathic  quartzite,  and  by  the  deoompositiou 
of  the  feldspar  becomes  quite  regularly  porous,  having  fDrmerly  found 
some  nse  as  a  buhrstone. 

While  through  all  the  western  half  of  the  Becket  quadrangle  the 
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lower  part  of  tbe  Oambrian  is  everywhere  more  or  less  conglomeratio 
near  the  older  rocks  and  more  or  less  a  qnartzite  iu  its  upper  part,  in 
the  broad  eastern  band  the  metamorpliism  is  more  severe,  and  this 
division  can  not  be  carried  out. 

Down  the  east  border  of  the  area  across  Windsor  and  Pern  half- 
obliterated  traces  of  pebbles  occur  here  and  there  in  the  lower  half,  bat 
tlie  whole  iipper  portion  is  mainly  mnscovite-gneiss.  The  gueisses  are 
marked  by  a  deficiency  of  feldspar,  by  the  friable,  granular  character 
of  the  mass,  and  by  the  absence  of  all  accessories  except  tourmaline  and 
magnetite. 

A  mile  northwest  of  Peru  Center  the  true  dip  is  marked  by  sandy 
layers  an  inch  thick  interposed  between  2-inch  schist  layers,  though 
in  much  of  the  area  the  structure  is.  probably  secondary.  Around 
Peru  Center  the  rock  is  a  gneiss  in  thin  flafcgy  beds,  with  the  mica 
mostly  biotite.  The  degree  of  metamorphosis  increases  steadily  south- 
ward. 

Across  Becket  the  rock  is  a  fHable,  well-banded  but  often  tbick- 
bedded  biotite-gneiss,  like  that  of  the  Monson  quarries  but  even  more 
massive  and  granitoid,  and  this  quarry  granite  borders  the  Coles  Brook 
and  the  Alderman  pre-Cambrian  limestone  beds,  the  regular  granitic 
texture  seeming  to  depend  on  greater  dynamic  metamoriihiam  accom- 
panying the  sharp  upfolding  of  the  limestone.  Where  it  occurs  along 
the  railroad  from  North  Becket  to  Coles  Brook  it  is  a  good  bnildiug 
stoue,  and  in  the  quarries  by  the  railroad  the  passage  from  the  flaggy 
to  the  massive  varieties  can  be  clearly  seen.  Just  west  of  the  Coles 
Brook  crossing  the  rock  beside  the  railroad  is  flaggy  and  in  flat  undula- 
tions. In  the  quarry  above,  it  is  massive,  thick-bedded,  and  granitoid, 
and  is  somewhat-mixed  with  pegmatite  in  small  veins. 

Id  the  south  part  of  Becket  the  gneiss  becomes  a  thick-banked,  com* 
pletely  granitoid,  Itght-gray  gneiss,  which  furnishes  tbe  fine  quarry  stone 
of  the  Chester  Company's  quarries  in  the  extreme  southeast  corner  of 
the  town,  and  the  same  rock  extends  south  into  Otis.  A  thin  section 
of  the  rock  appeared  highly  crystelline,  very  fresh,  and  of  completely 
gneissoid  structure.  The  large  plagioclases  were  fxdl  of  small  crystals 
of  biotite  and  of  black  rods — some  stout  and  straight,  some  minute  and 
cnrved.  The  quartz  grains  were  full  of  sheets  of  cavities  with  large 
moving  babbles.  The  biotite  was  everywhere  intergrown  with  musco- 
Tite,  though  to  the  eye  tbe  rock  seemed  purely  biotitic.  It  gave  no 
indications  of  strain,  bat  rather  showed  signs  of  complete  recrystelli- 
zation. 

In  Monterey  and  in  the  area  south  of  New  Marlboro  bordering  the 
pre-Oambrian  the  Becket  gneiss  is  quite  normal  across  the  whole  length  ■ 
of  the  quadrangle  to  the  south.  It  is  much  of  the  way  a  massive,  white, 
granitoid  qnarry  gneiss ;  the  biotite  is  jet  black.  Very  small  garnete  are 
numerous,  and  the  rock  is  characterized  by  minute  magnetite  octahedra. 
These  seem  to  be  dissolved  through  the  influence  of  lichens,  and  the 
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rock  tben  weathers  white.  After  rains  tbey  accamntate  by  the  roadside 
as  iron  sands. 

One  or  two  bands  of  a  Jet-blaob,  fine-grained  biotite-hornblende- 
gaeifls  occur  abont  one-foarth  of  a  mile  eaat  of  the  boundary  with  the 
older  rocks.  There  is  rarely  any  trace  of  pebbles  in  the  gneiss  along 
the  bonndary  or  elsewhere 

The  amonnt  of  quarry  gneiss  is  inexhaastible,  and  the  rock  from  the 
large  quarry  on  Ball  Moniitain,  Norfolk,  can  Bot  be  diettngaished  from 
the  Becket  and  Monsoii  quarry  rock.  Id  Otis  the  white  gneiss  branches 
on  the  pre-Cambriau,  and  its  weslem  lobe  runs  down  west  of  Pilley 
Monntaiu  to  the  Tyringham  fault,  while  its  border  portion  continues 
dowu  the  eaatem  part  of  the  quadrangle  inclosing  Great  Pond  and  the 
Otis  reservoir.  It  is  a  very  nniform  hi otite- gneiss.  The  jet-black 
biotite  ia  generally  disseminated  through  the  rook,  at  times  conoen- 
trated  in  rounded  or  elongated  blotches  or  in  distinct  banding.  It 
generally  bleaches  at  the  surface  to  a  dead  white,  but  always  contains 
mach  magnetite  in  minute  octahedra.  At  times  it  is  strongly  mnsco- 
Titio,  as  where  the  East  Granville  road  crosses  theeast  line  of  the  quad- 
rangle, and  at  the  northeast  slope  of  Noyes  Mountain.  Where  it  enters 
the  Sandisfleld  quadrangle.it  is  largely  gametiferous,  but  thiscbar- 
acteristic  disappears  to  the  south.  Only  one  small  hornblendic  bed 
occurs  in  it.    This  is  eaat  of  D.  O-oddard's,  a  mile  east  of  Otis  Center. 

Considerable  excavation  for  iron  has  been  made  west  of  T.  Fay's,  a 
mile  farther  east,  beginning  more  than  fifty  years  ago.  The  gray  gneiss 
is  here  a  little  more  impregnated  with  magnetite  than  asnal  and  carries 
hornblende. 

In  Otis  the  rock  generally  occurs  in  smooth,  white  ledges,  with  a 
fine-grained  granitoid  structure,  very  tree  from  fissures,  and  breaking 
in  large  blocks,  or,  while  breakiug  in  equally  large  and  firm  blocks, 
showing  a  fiat  or  wavy  contorted  bandiug  fh>m  the  arrangement  of  the 
biotite.  It  at  times  weathers  into  a  ragged  and  deeply  pitted  and 
seamed  rock,  as  in  the  remarkable  bare  ledge  which  starts  from  the 
southeast  lobe  of  Otis  reservoir  and  runs  over  the  top  of  Voyes 
MoQUtain,  a  famous  fox  run.  It  nowhere  shows  any  trace  of  conglom- 
erate structure,  and  I  have  at  times  tried  to  refer  portions  of  it  to  a 
oertaiD  wholly  crushed  focies  of  the  Wasliington  gneiss,  bat  on  com- 
parison, especially  under  the  microscope,  it  seemed  plainly  not  to  belong 
to  that  type.  The  Becket  gneiss  at  its  junction  with  the  pre-Oambrian 
across  Sandiafleld  and  Tolland  has  been  quite  fully  described  in  tracing 
the  upper  boundary  of  the  latter  (see  p.  55)  from  the  apex  of  this 
Booth  Sandisfield  lobe,  to  the  north  of  which  it  is  greatly  corrugated, 
'  around  to  that  village.  Typical  quartzite  and  a  black  pyritons  quartz- 
ite  accompany  the  bonndary  and  lie  well  down  toward  the  base  of  the 
Cambrian,  where  the  rock  is  usually  gneissoid,  so  that  in  the  sonthero 
part  of  this  area  I  have  not  tried  to  carry  ont'the  distinction  between 
the  baaal  gneiss  and  the  quartzite  above,  which  is  so  well  developed  la 
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the  Becket  region.  All  acrosa  Sandisfleld  the  Becliet  gneiss  is  very 
generally  a  flQe-grained,  gray,  quarry  gneiss,  of  good  quadity  for  baild* 
iD^  parposes. 

AHPHIBOUTKB  IK   BECKET  GNEIBB. 

On  page  68  reference  is  made  to  pyroxenites  and  amphlbolites  derived 
from  pre  Oambrian  limestones. 

East  of  the  Connecticut  the  Becket  gneiss  is  often  black,  from  excess 
of  the  shining  black  biotite  and  fine  granular  borubleude,  assuining 
the  aspect  and  relations  of  a  crystalline  schist,  and  seeming  to  have 
the  same  origin  as  the  conglomerate-gneiss  itaelf,  into  which  it  passes 
and  of  which  it  is,  in  my  opinion,  a  mere  ferruginous  and  calcareous 
variant. 

In  tracing  the  Becket  gneiss  of  the  western  region  south  from  Hoosac 
Mountain  I  did  not  find  any  hornblendic  beds  until  the  locality  at ' 
H.  Hawes'B,  in  Middlefleld  (see  p.  70],  and  the  Ohester  Company's 
quarry  in  Becket  were  reached. 


Pia.  IC— AJDphlbollts  dike  (>}  In  white  gnnlloid  Bscketgnelw  {eb>  iiltb  pegmatite  conUct  rim  (p)i 

At  the  latter  place  a  great  mas»  of  a  fine,  jet-black,  massive  and  friable 
biotite-amphibolite  extends,  with  a  width  of  12  to  15  feet,  across  the  east 
wall  of  the  great  quarry  (see  fig.  16).  It  tapers  to  a  point  at  the  north 
end,  and  a  separate  or  faulted  portion  of  the  main  dike  appears  at  the 
south  end.  It  contains  blocks  of  the  white  gneiss  and,  what  is  very 
peculiar.  Is  separated  from  the  inclosiug  white,  massive  biotite-gneisa 
by  a  quite  continuous  band  of  a  coarse  muscovite  granite  or  pegmatite 
a  foot  wide,  a  phenomenon  which  is  repeated  several  times  farther 
south,  OS  at  the  Ball  Mountain  quarry  and  at  the  West  ^Norfolk  cut. 

Under  the  microscope  the  rock  shows  in  a  fresh,  limpid  ground  of 
granular  quartz  and  plagioolase-feldspar  (the  latter  gave  in  plates  par- 
allel to  M,  the  optical  figureofoligoclase),  and  abundant  grains  of  horn- 
blende, biotite,  and  magnetite.  In  many  of  the  occurrences  farther 
south  the  grains  of  each  mineral  have  nearly  a  common  size,  giving  the 
slide  a  very  regntar  look.  Here  many  smaller  flakes  of  the  same  min- 
erals are  inclosed  in  the  feldspars. 

Some  of  the  black  ore  grains  are  surrounded  by  titanite  (leucoxene). 
It  ia  not,  however,  nearly  ao  abundant  as  ia  the  Middlefield  bed 
described  on  page  70.   Titanite  generally  characterises  the  ampbibolites 
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in  tlie'CambriaD  beds,  which  I  have  considered  to  be  derived  ftx>m  gab- 
broB  or  diabases,  mid  is  absent  in  the  similar  beds  which  I  have  snp- 
posed  to  be  altered  calcareous  deposits. 

From  this  point  on,  going  soatb,  the  homblendic  beds  grow  mora 
abundant  in  the  white  gneiss  and  come  to  be  quite  characteristic  of 
the  basal  beds  of  the  Oambrian  near  the  contact  with  the  underlying 
pre-OambriaD.  This  is  bO  nriiformly  the  case  in  the  region  snrroDud- 
ing  the  Bear  Mountain  anticline  that  it  gives  a  safe  indication  of  the 
position  of  the  boandaiy  where  it  is  concealed.  The  beds  are  generallj 
without  structural  itidications  of  eruptive  origin,  are  often  more  biotJtic 
than  horublendic,  and,  aa  they  are  always  interbedded  with  the  gneisses, 
have  probably  liad  a  similar  sedimentarf  origin.  They  are  too  small  to 
be  represented  on  the  map. 

T lie  homblendic  rocks  are  even  more  abundant  in  Norfolk,  and 
both  the  sedimentary  and  the  intrusive  kinils  are  represented.  Hay- 
stack Monutain,  Ball  Mountain,  and  the  high  hill  to  the  east  are 
largely  composed  of  amphifoolite  and  seem  to  owe  their  height  to  its 
durability.  In  the  quarry  on  the  east  face  of  Ball  Mountain  is  a 
black  dike  exactly  like  the  Becket  dike  previously  mentioned.  The 
country  rock  is  the  granitoid  white  Becket  muscovite  biotite-gneiss. 
It  contains  iuclasiouH  of  a  black  rock  much  like  the  dike.  The  dike  is 
wholly  inclosed  in  the  gneiss,  is  8  feet  wide,  and  extends  5  rods  soQth 
before  being  covered.  It  is  cut  by  a  dike  of  pegmatite  a  foot  wide — a 
clear,  gray  rock  with  idiomorphic  quartz,  much  plagioclase,  and  shin- 
ing, black  biotite  which  is  coarser  than  the  biotite  of  the  gneiss. 

The  rock'  is  the  same  black  granular  rock,  suggesting  flnegranalar 
toarmalioe,  but  slides,  cat  from  different  parts  of  the  mass  vary  mate- 
rially, while  the  hornblende  and  the  black  ore  surrounded  by  titaniteare 
the  same.  In  one  slide  the  biotite  is  of  even  size  with  the  hornblende 
grains  and  free  from  inclusions,  and  the  abundant  colorless  ground  is 
largely  granular  quartz ;  in  the  other  slide  the  large  porphyritic  biotite 
scales  inclose  all  constituents  except  hornblende,  and  the  ground  is  a 
fresh,  granular,  mostly  untwtnued  feldspar,  with  the  border  of  each 
grain  differing  sharply  from  the  center. 

The  whole  top  and  west  slope  of  Ball  Moaatain  are  composed  of  the 
same  black,  massive,  hornblende-biotite  rock. 

Ill  the  Koiitlieast  wall  of  Ball  Mountain  the  light  gray  gneiss  wraps 
round  the  rectangular  south  end  of  the  black,  massive  amphibolite 
exactly  as  if  that  had  been  a  more  massive  foreign  body  in  the  cou- 
glomerate- gneiss  at  the  time  of  the  folding.  This  is  like  a  diabase 
dike,  but  it  is  also  like  a  displaced  limestone  bed,  and  eitber  one  may 
be  changed  into  an  amphibolite.     (See  p.  64.) 

Haystack  Mountain,  on  the  contrary,  is  made  up  of  a  highly  con- 
torted homblendic  gneiss,  generally  biotitio,  pyritous,  or  garnetifemns, 
thin  foliated  anil  carrying  iutervening  thiu  bands  of  a  white  gneiss  a 
foot  or  so  in  widtu,  which  look  like  diktut  in  the  black  rock. 
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The  great  railroad  out  west  of  Weat  Norfolk  Station  shows  all  the 
relations  of  these  rocks  to  the  best  advantage.  It  is  iUnstrated  by  the 
section  on  Pi.  Y.  Entering  the  cut  from  the  vest  the  maty  pre- 
Cambrian  gneisses  (Aw)  ooenpy  the  first  28  rods.  At  first  they  are 
granitoid  and  carry  graphite.  They  are  succeeded  by  light  actinolite- 
giieisses  carrying  garnet.  Both  minerals  are  indicative  of  the  near 
presence  of  limestone  in  the  rock.  These  are  all  characteristic  pre- 
Oambrian  pecaliarities.  Then  comes  a  fault  marked  by  a  pegmatite 
(p)  layer,  and  this  is  followed  by  the  light  biotite-gneisses  (Gb),  which 
carry  near  the  base  a  heavy  band  of  thin-bedded  micaceons  quartzite. 
On  passing  an  interruption  in  the  cut  we  again  come  to  the  same 
gneisses,  in  which  is  a  great  dike-like  mass  of  amphibolite  (a),  or  what 
may  be  taken  to  be  a  wholly  altered  basic  eraptlve. 

This  is  immediately  followed  by  another  entirely  similar  bed,  which 
includes  great  masses  of  the  gneiss  and  has  a  sharp  bnt  irregolar 
boundary  against  the  inclosing  hornblende-gDeiss  (Cbh),  which  latter, 
ftom  the  analogy  of  the  similar  bed  described  below,  seems  to  be  older 
than  the  two  dikes  described  above  and  to  be  of  sedimentary  origin. 
Then  follows  the  foliat«d  and  finely  twisted  amphibolite  bed  (at  1  in  the 
section),  which  is  given  in  detail  on  PI.  Y.  The  contorted  foliation  of 
the  inclosing  schist  runs  parallel  with  the  walls  of  the  black  bed;  and 
both  are  partially  sheared  asunder  and  quartz  veius  occnpy  the  distant 
shear  planes. 

Near  the  east  end  of  the  cnt  is  a  broad  bed  of  a  fine-grained  white 
granite  (g),  which  ou  the  east  abuts  against  the  foliated  amphibolite 
(Bt2;  see  detail  figure)  and  includes  great  angular  blocks  of  it,  together 
with  the  common  gneiss,  thus  showing  that  both  these  rocks  are  older 
than  the  granite.  At  the  east  end  this  granite  is  cnt  by  two  dikes  of 
the  black  massive  amphibolite,  into  which  it  sends  tongues,  thas  showing 
that  this  massive  amphibolite  is  newer  than  the  foliated  amphibolite. 
The  granite  has  produced  a  marked  metamorphic  efi'ect  upon  the  black 
rock.  An  outer  layer  of  the  latter  a  half  inch  wide  has  lost  its  bauding 
and  is  of  much  coarser  grain. 

In  both  cases  a  selvage  of  pegmatite  separates  the  amphibolite  from 
the  white  granite.  These  foliated  amphibolites  lack  some  of  the  pecul- 
iaritifs  of  the  amphibolites  derived  firom  eruptives  and  resemble  those 
derived  from  limestone  described  on  page  6d. 

The  two  dikes  just  mentioned  share  all  the  properties  of  those 
described  above  from  near  the  west  end  of  the  cut,  but  differ  consider- 
ably in  minor  matters. 

The  dike,  wtttt  inclosores,  at  the  twenty-first  telegraph  pole  from  the 
west  end  of  the  cat  is  the  normal  type  of  the  Cambrian  eruptive  am- 
phibolites or  metadiabaaea.  It  is  a  blackish  gray,  massive,  finegrained 
rock,  made  of  shining  hornblende  needles,  biotite  scales,  and  a  small 
amount  of  white  interstitial  matter  Just  visible  to  the  eye. 
Under  the  microscope  plagioclase  appears,  rarely  twinned  and  with 
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smidl  angle  of  extinction.  Many  large  grains,  wbidb  eeem  exactly 
like  qnartz,  are  biaxial  and  positive,  and  so  are  plagioclase.  The  horn- 
blende ia  Id  jagged  angalar  onboidal  grains,  witli  strong  absorption 
and  deepcolors— a,  brigbt  yellow;  I>,  yellow  to  greenish  yellow ;  c,blue 
green;  b>e>a  Ex.  23° — 29°.  Menaocanite  ocoors  and  leneoxene  is 
abnodaiit. 

The  garnet-ampbibolite  tcom  the  dike  at  the  east  end  of  the  railroad 
cnt  is  with  the  leim  Dot  distingaishable  &om  the  other  metadiabases  of 
the  region.  It  is  a  massive,  fresh-black,  fine-grained  rock,  mostly  blaek 
granalar  bombleode  and  white  granatar  plagioclase. 

Under  the  microscope  it  is  qaite  peoaliar.  The  hornblende  has  rather 
less  absorptioQ  aad  ia  oomposed  of  large  aggregationa  of  small  scales, 
Bometiines  polarizing  together  and  grading  into  large  grains  which  are 
centrally  filled  with  large  needlea  placed  parallel  to  the  cleavage. 

The  garnet  grains  are  free  irom  inolosnres  and  are  surronnded  by  a 
beantifal  radiated  aggregate  of  plagioclase  blades  which  expels  all  the 
colored  constitnenta  and  has  exactly  the  aspect  of  the  secondary  water* 
deposited  albite  filling  cavitiea  in  the  Triassic  diabase  from  Greenfield.' 
The  resemblance  is  so  exact  that  one  may  feel  sore  that  this  limpid 
plagioclase  is  also  water  deposited.  The  plagioclase  molds  the  garnet 
gnuDS  and  radiates  from  them.  The  two  minerals  occapy  angnlar 
spaces,  as  if  they  replaced  a  porphyritic  mineral. 

The  magnetite  is  sarronoded  by  a  very  ferniginons  biotite,  bat  never 
by  titanite  (leneoxene).    There  ia  a  little  qaartz  present. 

OHESHISB  QUABTZITEi. 

The  basal  conglomerst«  of  the  Cambrian  originally  passed  np  into  a 
sandstone  which  is  now  represented  by  a  white  qnartzite,  often  largely 
mnscovitio,  always  deficient  in  feldspar,  and  qaite  regularly  chwacter- 
ized  by  small  black  or  dark-brown  tonrmalines.  It  is  at  times  simply 
a  white  friable  qaarte-sandstone,  often  dag  for  glass  making;  at  times 
a  thin  fissile  rauBcovite-Quartzite,  which  can  be  seen  to  change  along 
the  strike  into  mnscovite-ecblsts  or  white  gneiss;  and  at  times  a  tongh, 
massive  qaortzite. 

In  the  high  gronnd  north  of  Dalton  village  the  qnartzites  are  present 
in  -great  force,  are  at  times  calcareous  and  at  times  mnacuvitic,  bat 
are  not  developed  as  distinct  gneisses  upon  the  Beoket  quadrangle. 
They  are  hard,  massive  qnartzites  where  crossed  by  the  roads.  At  the 
southwestern  comer  of  the  high  ground,  as  represented  on  the  map, 
they  are  white,  sugary,  glass  sands,  which  were  entered  to  a  depth  of 
180  feet  in  digging  for  a  well  on  Mr.  Thomas  Allen's  farm,  Grasmere, 
jost  south  of  Ooltsville  Station. 

They  are  at  times  metamorphosed  into  distinct  gneisses.  Of  such  a 
character  is  the  fine  long  exposure  in  the  railroad  cutting  which  extends 
from  the  railroad  crossing  of  the  Hiosdale-DaltAn  road,  near  the  Cath- 
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olic  cenieter)-,  north  to  tbe  line  between  those  towns.  The  beds  sweep 
ID  a  broad  curve,  with  strike  northeast  to  northvest,  and  represent  the 
center  of  the  OTertnmed  syncline  between  the  two  anticlines,  and  thns 
the  top  of  the  eeriea. 

The  rock  is  a  mnsoovlte-schiat,  at  times  a  sericite-fichist,  highly  con- 
torted. It  dips  eastward,  as  forming  the  east  dank  of  the  Dalton  anti- 
cline; and  entirely  similar  but  less  altered  beds  occnpy  the  other 
(western)  slope  of  Warner  HilJ,  dipping  westwardly  on  the  other  slope 
of  the  anticline.  Here,  in  the  brook  bed  above  J.  S.  Barton's,  the 
rocks  above  the  conglomerates  are  white  mica-gneisses  or  Qoartzites, 
and  certain  beds  are  a  pore  qnartzite  fnll  of  quite  large  dmsy  cavities, 
now  partly  filled  with  kaolin  from  the  alteration  of  feldspar.  The  rock 
rarely  contains  small  toarmalines  and  magnetites. 

The  metamorphosia  of  these  beds  plainly  decreases  toward  the  north 
and  west  in  the  region  under  discussion,  so  that  the  miaimnm  of  change 
appears  in  the  northwest  comer,  on  the  brook  last  mentioned. 

The  qoartzite  along  the  west  slope  of  the  Dalton  anticline  is  very 
thin  bedded,  and  the  greatly  cormgated  and  discordant  layer  of  the 
mica-schists  upon  it  makes  it  probable  that  part  of  its  thickness  may  * 
be  concealed  by  a  fanlt. 

South  of  the  South  Dalton  fault,  on  the  high  ground  southeast  of 
Pittsfleld,  the  quartzite  widens  into  a  broad  area.  It  lies  nearly  hori- 
zontally and  rises  eastwardly  in  soft  nndnlatitma  Where  the  Pitts- 
fleld-Washington  road  crosses  the  corner  of  Dalton  and  makes  a  large 
bend  to  the  east  the  rock  carries  so  much  muscovite  that  it  deserves 
the  name  of  a  schist,  but  it  does  not  approach  in  type  tbe  higher 
schists  and  has  all  the  characteristics  of  the  quartzites  (tourmaline, 
sandy  structure).  The  same  is  true  on  the  next  road  south,  south  of 
S.  Hines's,  where  mica-schist  is  shown  on  Professor  Dana's  map.  These 
quartzJtes  pass  around  the  north  end  of  the  Washington  anticline  in  a 
broad  flat  syucline  in  the  conglomerate-gneiss,  which  extends  far  out 
over  tbe  high  ground  in  a  very  unusual  position  for  such  soft  and 
slightly  metamorphosed  rocks.  Just  where  tbey  are  cat  by  the  line  of 
latitude  42^^  25'  they  overhang  Sackett  Brook  in  blaSb  more  than  100 
feet  high. 

They  are  dug  as  glass  sands  at  the  extreme  southeast  end  of  tbis 
syucline  south  of  Ashley  Lake,  in  the  middle  of  Washington. .  They 
are  everywhere  characterized  by  fine  tourmaline  needles  and  are  gen- 
erally muscovitio  in  greater  or  less  degree. 

KAOLIN  FROM  TUB   qUARTZITE. 

ProfessOT  Dana  has  called  attention  to  tbe  decay  of  tbe  quartzite 
south  of  Ashley  Lake,  in  Washington,  and  to  the  formation  of  sand 
therethnn,  and  explains  this  decay  as  due  to  the  decomposition  of  tbe 
feldspar  in  the  feldspatbic  portions  of  the  sandstone. 

The  quartzite,  which  varies  from  tbe  hardest  to  the  moat  friable  and 
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trom  massive  to  thin  bedded,  bas  at  times  quartzose  layers  altematiDg 
with  thill  seams  of  soft  kaolinized  feldspar. 

Many  kiu>]iii  beds  of  weateni  New  EnglBod  ocoqi  in  riunrtizito,  sod  are  waabe<l  eat 
from  tlie  decompoaed  qnartzita.  Thia  is  tme  of  tbe  largest  of  tbeae  deposilB,  tint 
Id  the  sonthwcat  coram  of  New  Marlboro,  near  the  Caoaau  bonndHr.  Th«  kaolii 
ia  eacdy  and  contains  qaartiite  fra^enta. 

Feidspathic  qaartzite  ocean  near  tbe  liae  between  Lenox  and  Waahinstan.  Latp 
oavenioaa  bloeka  lie  over  the  Belds,  with  oavitie*  aa  Inch  or  more  long. 

Dr.  G.  Dewey  says  it  ia  wrought  into  milistones  after  the  maimer  of 
the  Paris  bahrstones,  and  1b  known  aa  the  Pittsfield  buhrstone. ' 

Feldspar  still  exists  in  some  of  the  cavities.  Prof.  E.  Hitchcock  rec- 
ognizes the  feldspatbio  character  of  the  rock  in  his  Massachusetts 
Geological  Beport  of  1843,  saying  (page  587)  that  the  buhrstone  ii 
"  a  Tftriety  of  gneiss  rock  whose  feldspar  has  decomposed  and  disap- 
peared, and  in  which  qaartz  was  greatly  the  predominant  ingredient' 
The  name  "  gneiss, "  which  has  been  given  it,  is  not  so  tar  oat  of  the 
way  as  might  at  first  seem,  for  some  of  the  rock  contains,  besides  feld- 
spar and  quartz,  a  little  mica. 
'  The  hearthstone  quartzite  quarried  less  than  a  half  mile  south  of  this 
locality,  which  affords  the  best  hearthstones  <>f  western  2Tew  England, 
eootains  black  mica,  in  very  minute  scales  disseminated  through  it, 
like  much  of  the  qaartzite  elsewhere. 

Professor  Hitchcock  mentions  another  locality,  4  or  5  miles  south  of 
the  spot  where  millstones  are  prepared,  at  which  the  rock  *'  may  be 
seen  in  all  stages  of  the  process  between  gneiss  and  bahrstone."' 

QUISTZITK  BBEOOU. 

I  have  mentioned  the  breccia  found  along  the  South  Dalton  foalt 
The  massive  quartzite  is  shattered,  the  fragments  being  often  moved 
on  one  another  and  cemented  by  limonite.  It  was  first  described,  by  Dr. 
Ohester  Dewey  in  1824,^  and  is  mentioned  by  President  Hitchcock  in 
bis  report  of  184L  (p.  588),  He  enmnerates  it  in  his  catalogue  of  the 
State  collection  in  1H41  (Nos.  604-606)  and  1856  (quartzite,  Hos.  59, 60, 
and  107, 108)  as  brecciated  quartz;  cement  hematite.  It  is  attributn^ 
by  Professor  Dana  to  the  wedging  open  of  the  fragments  by  "the 
extremely  slow  action  of  the  depositing  limoDite."* 

I  have  found  it  so  closely  associated  with  faults  that  I  have  no  doubt 
that  it  is  a  fault  breccia,  produced  by  friction  along  tbe  great  traoB- 
verse  faults,  the  fragments  being  afterwards  cemented  by  infiltrating 
iron  solutions  at  so  low  a  temperature  that  tbe  cement  is  limonite. 

I  Am.  Imi.  ScL,  lit  igrla^  Vol.  Till.  p.  IT. 

'J.  D.  Dm*:  Am.  Jonr.  Sol.,  3d  Mrlaa,  Vol.  ZXTin,  p.  U8. 

•  Am.Jmir.Sci..  litsortM.  Vol.  Tin,  p.  18.  __^_ 

•P*eildobr«ola,b;  J.  D.Suia;  Am.  Jour.  Sol.,  SdMrlsai  VoLXZVUI,  p.lUi  VoL  XXIX. p. 91. 
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TBAMBITIOH  OF  LIMBaTOKB  INTO  SAHDSTONB. 

In  the  single  spur  whicli  projects  into  Lake  GarBeld,  in  Monterey, 
'  ftom  the  middle  of  ita  sontheru  shore  Is  a  ridge  of  the  white  limestone 
resting  open  a  highly  calcareous  sandstone  and  dipping  50°  8. 

At  the  south  end  of  the  Monterey  pre-Cambriau  (see  p.  60),  south  of 
the  brook  opposite  the  E.  B,  Smith  place,  the  pure  white  limestone 
is  full  of  white  pyroxene  crystals  and  quartz  veins  and  grades  into  a 
rusty  biotite  schist.  ItJs  sandy  in  some  places  and  black  and  flinty 
in  others. 

A  few  rods  north  of  the  village  of  New  Marlboro,  and  west  of  the 
north  road,  is  a  white,  fHable,  micaceous  sandstone,  which  is  ponnded 
to  a  white  sand  by  the  feet  of  cattle.  It  is  very  calcareous  and  lies 
almost  horizontal  in  the  Becket  gneiss,  into  which  it  passes. 

Along  the  sonth  slope  of  Dry  Hill,  uorthwest  of  New  Marlboro,  80 
rods  northwest  of  D,  S.  Powell's  bouse,  is  a  row  of  ontcrops,  126  rods 
long,  of  the  Stockbridge  limestone,  resting  as  a  thin  layer  upon  the 
banded  micRceous  quartzite.  It  wraps  round  projectioDS  of  the  schist, 
dipping  away  from  them  on  all  sides,  and  paBses  gradually  into  the 
Bchista  below. 

.     SILURIAN  SYSTEM. 

HOOSAO  80BI8TB. 

Windsor  mica-ackitt  bed. — The  anticlines  of  pre-Oambrian  gneiss  along 
the  eastern  side  of  Berkshire  County  are  flanked  east  and  west  by  light- 
colored  cdnglomerate-gneissea,  and  these  are  followed  on  the  east  side 
by  a  series  of  mica-schists,  at  first  gametiferons,  then  feldspathetic 
(porphyritic),  and  still  higher  up  sericitic. 

The  careful  studies  of  Professor  Wolff'  have  traced  these  schists 
around  the  north  end  of  the  Hoosac  anticline  and  down  its  western 
flank  to  where  they  run  out  onto  the  gneiss  as  a  narrow  band  which 
finally  disappears  just  northwest  of  Savoy  Hollow.  In  this  passage  out 
onto  the  gneiss  the  mica-schist  lies  in  a  syncline  in  the  gneiss  running 
southwardly,  and  it  Is  probable  that  the  mica-sohist  described  below  is 
the  continuation  of  the  same  bed. 

The  boundaries  of  the  bed  can  be  rudely  defined  by  bowlders  west  of 
Windsor  Hill,  nearly  3  miles  south  of  the  above-mentioned  terminos  of 
the  Hoosac  schists  in  Savoy,  and  abandaut  ontcrops  of  the  rock  soon 
appear  and  continue  iu  a  high,  narrow  ridge  to  the  Hinsdale  line,  just 
east  of  the  reservoir. 

It  can  be  best  studied  at  A.  W,  Warren's.  It  seems  to  lie  in  a  west- 
wardly  overturned  syncline  in  the  Cheshire  qnartzite,  which  lies  in 
the  newer  gneiss,  but  with  only  a  narrow  seam  of  the  latter  separating 
it  from  the  old  pre  Cambrian  graphite-gueiss. 

It  strikes  N.  10°  to  20°  B.  and  has  high  dips  to  the  east,  bat  is  for  the 
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most  part  ao  twisted  and  contorted  that  no  prevailing  directions  appear. 
It  is  a  coarse,  black,  garnetiibrottB  n)ica-(biotite)  schist,  highly  graphitic 
or  coaly,  cansing  the  black  color.  The  garnets  are  of  the  form  IIQ 
and  small.    Qaartz  veins  with  eolpbldes  occar. 

Coltgville  mica-&ehist  bed. — The  whole  hill  east  of  and  overlooking 
Coltsville  and  forming  the  western  foothill  of  D&via  Hill,  northeast  of 
Dalton,  is  composed  of  a  dark  lead-gray  mica-schist  or  phyllite,  greatly 
contorted  and  aboundiog  in  fine  qaartz  veins  with  large  quartz  nod- 
ales  which  look  like  pebbles.  The  rook  is  plainly  graphitic  and  con- 
tains a  few  garBCts.     It  dips  southeast  beneath  limestone. 

DalUm  bed. — Following  west  down  Barton  Brook,  on  tbe  yreat  slope 
of  Day  Mountain,  from  the  contact  of  the  older  gneiss  and  the  con- 
glomerate-gneiss at  the  clubhouse  (see  fig.  4,  p.  40),  one  passes  over  the 
whole  of  the  latter  and  a  great  thickness  of  the  white  qnartzite-gneiM 
lying  stratigraphically  above  the  conglomerate,  all  having  a  strike  IS. 
Vt°  E.  and  dipping  30^  W.  beneath  another  bed  of  these  schists.  The 
nearest  outcrops  of  the  quartzite  to  the  schist  are  at  tbe  road  croBnog 
of  the  next  brook  south,  so  that  only  a  small  thickness  of  iutervening 
strata  i-eniains  concealed. 

The  schists  are  here  greatly  contorted,  strike  irregnlarly  K.  70°  E., 
have  high  dips  to  the  west,  and  are  plainly  discordant  to  the  gndsses 
below. 

These  schists  advance  westwardly  to  the  railroad,  and  at  the  foot  of 
its  embankment  rnns  the  Uousatonic  Biver.  At  the  Carson  &  Browu 
Company's  paper  mill  on  this  stream,  just  opposite  the  schist,  the 
boring  of  an  artesian  well  went  down  135  feet  through  limestone  con- 
taining a  20  foot  bed  of  quartzite,  and  at  that  depth  the  drill  dropped 
3  feet,  in  a  water  seam  said  to  have  been  full  of  worn  pebbles,  onto  a 
surface  of  the  same  black  schistB,  in  which  the  boring  was  continaed 
9  feeL  I  have  compared  fragments  of  the  schist  from  this  boring  with 
tbe  adjacent  ledges  and  they  are  identical.  This  brings  these  schists 
into  the  same  position  as  the  schists  previously  mentioned  at  Savoy 
and  Windsor.  On  the  other  hand,  these  Daltou  schists  differ  from  tbe 
schists  which  succeed  the  white  gneisses  on  the  east  in  Middlefield  iuid 
Becket. 

Mica-Bchiat  of  Dry  Sill  in  yew  Marlboro, — The  mica-schist  which 
wraps  around  the  quartzite  of  Dry  Hill  in  New  Marlboro  and  grades 
into  the  Stockbridge  limestone  occupies  precisely  the  same  stmtigraph- 
ical  position  as  the  Daltou  schist.  It  is  comi>osed  of  thin  bands  of  a 
white,  sugary  quartzite,  one-fonrth  of  an  iuch  to  1  inch  wide,  with 
equally  thick  intervening  layers  which  are  quite  micaceous.  The  mica 
is  flue  grained  and  generally  mnscovite,  though  sometimes  much  biotite 
is  present.  High  up  tbe  hillside  the  rock  is  a  dark  mica-schist,  its 
dark  color  due  to  excess  of  biotite  and  hornblende. 

Eastern  Itand. — A-t  the  base  of  tliis  formation  a  dark,  highly  garuet- 
iferoQS  roica-scbist  forms  the  passage  bed  irom  the  Becket  gneiss  to  the 
main  imrtiou  of  the  series*. 
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The  latter  has  the  habit  of  a  mico-scbist,  although  it  is  Kenerally 
qaite  feldspathio.  Small  roauded  cryatals  of  albite,  scattered  porphy- 
ritically  in  the  masB,  have  in  crystallizing  often  cemented  several  grains 
of  quartz  together. 

Both  micas  are  present  and  the  rock  is  generally  quite  dark,  from  the 
abundant  biotite.  It  shares  with  the  following  formatioii  the  greasy 
feel  from  the  hydration  of  its  muscovite. 

The  base  of  the  bed  is  exposed  on  the  road  lying  east  of  Peru  Center, 
at  D.  E.  Ingalls's,  the  second  house  to  the  eonth  after  leaving  the  village. 
It  is  here  a  coarse  and  corrugated  feldspathic  mica-schist,  full  of  garnets 
as  large  as  raisins. 

Two  miles  northwest  of  Peru  Hill,  at  the  stone  sohoolhoase,  the  upper 
boandary  of  the  Hoosac  schist  upon  the  Bowe  schist  is  exposed  for  a 
long  distance  on  the  bare  bill  50  rods  east  of  the  schoolhonse.  The  rock 
is  a  gray  porphyritic  gneiss — a  rock  with  the  habit  of  a  coarse  sericite- 
Bchist  bnt  abundantly  porphyritic  and  with  small  oval  spots  of  white 
feldspar.  It  is  well  exposedeast  of  Bancroft  station  on  the  Boston  and 
AlbanyBoad,  begiuDing  with  the  month  of  Factory  Brookandextending 
a  half  mile  east.  At  the  base  it  is  a  coarse  sericite-schist,  full  of  gamet< 
one- third  of  auiuch  across,  and  thesamebed  extends  north  to  Middlefleld 
Oenter  and  beyond.  Id  the  upper  part  the  garnets  are  absent,  and 
sandy  layers  alternate  with  the  more  micaceous  bands.  This  continues 
to  the  bridge  east  of  the  station. 

The  next  accessible  sectioii  of  the  series  is  along  the  road  west  from 
Chester  station,  just  within  the  limits  of  Becket.  Where,  at  the  south- 
east comer  of  the  Becket  quadrangle,  the  road  goes  south  from  Walker 
Brook  to  the  Chester  Company's  quarry  the  brook  cuts  a  contorted, 
light-gray,  thiu-bedded  biotite-gneiss,  with  layers  two-thirds  of  an  inch 
thick,  strike  N*.  15°  W.,  dip  70°  E.  It  has  mnsoovite  on  foliation  faces 
and  much  of  it  is  soaked  with  pegmatite. 

A  little  east,  halfway  to  the  next  house,  a  highly  muscovltic  saccha- 
roldal  gueissis  kneaded  in  with  a  liighly  gametiferous,  rnsty  mica-schist, 
of  quite  coarse  grain,  wliich  forms  the  basal  layer  of  the  terrane  nnder 
discnsaiou.  Strong,  coarse  mica-schists  follow,  mainly  coarse  films  of 
moscovite  scales  and  an  arenaceous  quartz  ground  with  no  bands  or 
nodules  of  infiltrated  qaartz,  few  garnets,  and  rarely  blotches  with  feld- 
spar aggregates,  A  thin  section  of  tbe  rock  from  the  east  of  Becket 
(E,  B.  Bichards's)  shows  a  gray,  rusty,  muscovitic  gneiss;  raveled  and 
ragged  intergrowths  of  muscovlte  and  biotite  and  a  mosaic  of  quartz 
grains  wrap  round  porphyritic  "  augen  "  of  albite,  which  in  plao^  shows 
extinction  according  to  two  laws  and  tbe  granophyric  structure  in  every 
variety  and  of  great  beauty.  Tbe  garnets  are  centrally  filled  with 
brightly  polarizing  black  rods  and  long  blades  of  biotite.. 
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KOWB  B0HI8T. 

Only  a  narrow  baod  of  the  Bowe  scliiBt  mus  down  the  eastam  border 
of  the  Hheet  for  half  its  length.  The  Binall  porphyritio  albites  disappear 
and  tlie  rook  becomes  a  softer  sericite-sohist  blotohed  with  greet],  dae 
to  chlorite  spots  derived  from  altered  garnets.  Going  east  fh)m  Ban- 
croft station  to  the  third  bridge  one  finds  the  boandary  and  a  sndden 
transition  from  the  albitic  schist  below.  Along  the  railroad  two  bands 
of  amphibolite  occnr  in  this  formation  before  tbe  edge  of  tbe  qaad- 
raogle  is  reached.  Along  tbe  east  line  of  Becket,  east  of  the  Chester 
Company's  qoarries,  it  contains  a  gray  cyanite,  which  iuolndes  small 
garnets  with  the  centers  filled  with  black  grains.  The  cyanite  is  often 
changfug  into  mnaoovite.    (See  PI.  I,  fig.  6.) 

Where  the  schist  enters  the  Sandisfleld  quadrangle  it  is  a  bard, 
ragged,contortedmascovite-biotite-schist  barren  of  accessories,  slightly 
msty  and  qnartz  veined;  the  zigzagged  bedding  goes  N.  40°  W.,  the 
cleavage  X.  50°  W.  Higher  np  it  has  small  hornblende-schist  layers 
and  is  in  places  gametiferons  and  of  greasy  feel. 

BTOCEBBIDGB  LIKBSTONE. 

Only  a  narrow  portion  of  the  white  crystalline  limestone  which  nnder- 
lies  and  has  conditioned  the  broad  Hoosatonic  Valley,  enters  the  area 
on  its  western  borders  and  extends  far  east  into  br.iad  depressions  in 
the  older  rocks  in  I>alton  and  Tyringham  and  into  smaller  recesses  south 
of  the  fault  on  tbesonth  lineof  Dalton  and  at  East  Lee.  Its  boandary 
is  thus  for  10  miles  a  straight  line  parallel  with  and  near  tbe  western 
edge  of  the  Becket  qnadrangle,  while  the  broad  sands  of  the  Hoasatonic 
conceal  nearly  every  portion  of  the  limestone  in  the  low  valley  bottom. 

The  scarp  of  the  older  rocks,  which  looks  down  on  the  limestone  val- 
ley, is  offset  to  the  west  in  Bear  Mountain,  and  on  the  southern  half  of 
tbe  area  the  eastern  boandary  of  the  valley  limestone  lies  for  west  of 
the  territory  covered  by  the  map.  The  rock  also  extendi  t-astward  in 
a  great  lobe  far  ont  over  the  highlands  in  Monterey,  and  two  smaller 
lobes  enter  the  area  at  N^ew  Marlboro  and  at  West  Norfolk.  In  its  north- 
ern portion  it  is  mainly  a  calcareous  carbonate  and  is  for  the  most 
part  firee  from  accessory  minerals.  I  have  collected  rutile  and  brown 
tourmaline  in  the  quarry  at  Coltsville.  It  is  a  white-to-gray  marble, 
everywhere  quarried  locally  and  famishing  good  building  stone  in  inex- 
haustible quantity,  so  that  the  location  of  quarries  is  mainly  dependent 
apon  the  proximity  to  railroads.  Mneli  has  been  written  about  a  flexible 
variety  of  the  marble  (see  Calcite  in  lexicon,  p.  107)  occorring  near 
Pittsfield. 

Farther  sonth  the  extensive  qaarries  at  Lee  are  within  the  limits  of 
the  area  considered,  and  from  these  qaarries  inach  marble  has  been 
shipped  to  Wadhingtou,  Philadelphia,  New  York,  and  Albany.  Here 
some  beds  of  the  rock  are  filled  with  a  whit«-bladed  tremolite,  which  is 
represented  in  every  mineral  cabinet. 

This  limestone  is  thickly  covered  in  the  bottom  of  the  Tyringbam 
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Valley.    For  a  long  distance  north  of  the  faalt  it  is  absent,  and  in  . 
this  distance  the  springs  and  veils  on  the  north  of  the  &nlt  give  soft 
water  and  those  on  the  south  of  the  fault  give  hard  vater.    At  Mr.  D. 
Clark's  and  eastward  the  limestone' is  preserved  on  both  sides  of  the 
fsDlt,  bnt  is  very  thin.    All  the  springs  are  of  soft  vater. 

The  limestone  that  mas  horizontally  high  up  on  the  soath  side  of 
the  Tyringham  Valley  at  Fernside  is  the  common,  gray,  barren  Stock- 
bridge  marble.  On  the  hillside  across  the  strike  the  pnre  limestones 
grade  into  gneiss,  throagh  a  large  series  of  calcareous  schists,  often 
very  msty.  The  series  is  thus  inverted  and  is  the  npper  limb  of  a 
Bmall  fold  overtarued  to  the  north,  its  axial  plane  dipping  south  into 
the  moDotain. 

On  the  other  side  of  Bear  Moantain  the  limestones  dip  northeast 
into  the  moontain;  they  oan  not  go  ander  it,  as  its  nncleas  is  pre- 
Cambrian.  There  is  thas  some  form  of  fan  stractare  present  here, 
as  was  suggested  to  me  by  Prof.  T.  Nelson  Dale.  (See  section  on  the 
Bear  anticline,  p.  58. ) 

The  Monterey  limestone  grades  in  every  direction  into  a  sngary  cal- 
careons  qnartzite,  and  this,  with  the  exceptionally  heavy  cover  of  till, 
makes  it  impossible  to  put  accurate  bonndaries  on  the  map.  At  the 
branch  in  the  road  south  of  the  ontlet  of  Lake  Ghurfleld  is  a  broad 
area  of  a  white,  sugary  limestone  with  macb  white  pyroxene  overlain 
by  a  rosty  jointed,  black,  pyritons  qnartzite.  The  accompanying  plate 
(PI.  VI)  shows  a  beaatifnl  anticline  in  this  limestone  at  Hydes  Falls, 
IJ  miles  sonth  of  Uonterey. 

Farther  sooth  other  remnants  of  the  marble  exist  on  the  surface 
uorthwest  of  "New  Marlboro,  and  several  instances  of  its  passage  into 
the  Oambrian  gneisses  and  qnartzltes  are  given. 

Of  25  analyses  of  the  Stockbridge  limestones  given  by  President 
Hitchcock,*  12  show  it  to  be  pure  calcium  carbonate.  The  remaining 
samples  are  strongly  maguesian  bnt  quite  ft«e  ftom  silicious  impurity, 
while  in  5  analyses  of  pre-Oambrian  carbonates  the  rooks  are  nearly 
pure  dolomites  with  an  average  of  11  per  cent  of  silicious  imparities. 

GEOLOGY  OF  PERNCUPF  RIDGE  IN  LEE. 
OAMBBIAN  QUABTZITE. 

The  geology  of  the  prominent  ridges  which  rise  within  and  jost  east 
of  the  village  of  Lee  (see  map,  PI.  VII)  is  complicated  by  the  unex- 
pected appearance  of  an  outlier  of  the  Cambrian  tourmaline-bearing 
qoartzite  in  the  midst  of  the  normal  Silurian  series. 

This  quartzite  forms  a  peculiar  ridge,  which  starts  with  FernoUff,  in 
the  middle  of  Lee,  and  is  a  picturesque  steep-sided  mass  of  native  rock, 
in  whose  eastern  side  an  interesting  cave  has  been  formed  by  the  foil- 
ing of  tbe  jointed  quartzite  firom  the  vertical  face  of  the  cliff. 
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Tbe  ridge  has  been  eat  tbroagh  by  the  river,  bat  rises  immediately 
on  the  north  side  and  rona  a  mile  EEirther  northwest,  presenting  ver- 
tical cliffs  to  the  east  and  lower  blaffe  to.  the  vest,  where  its  shape  is 
masked  by  a  thick  coating  of  drift  It  ends  abruptly  at  the  sooth  end 
of  lAnrel  Lake,  its  northern  and  western  fitces  showing  100  feet  or 
more  of  vertical  or  overhanging  cliff. 

Litholoffj/. — In  Feracliff  tbe  Oambrian  series  is  represented  by  a  thio- 
bedded  micaceoas  qaartzite,  quite  goeisBoid  in  its  granolartextore  and 
its  irregularly  disseminated  biotite  scales,  and  although  it  is  slightly 
feldspathic  it  is  not  suffloiently  so  to  be  called  a  gneiss.  It  is  nniformly 
fine  sandy  granular,  and  ahoauds  in  minnte  well-formed  brown  tonrma- 
lines  in  six-sided  prisms.  It  is  fall  of  small  lenses  and  pockets  of 
qoartz,  and  the  toormaline,  in  irregular  aggregates,  is  mnoh  concen- 
trated in  and  around  these  small  veins  and  iu  their  prolongations,  being 
here  much  larger,  some  prisma  reaching  fhlly  an  inch  in  length. 

This  bed,  40  or  50  fieet  thick,  makes  the  crest  of  the  ridge,  and  beneatli 
it  is  a  more  micaceous  qnartzite  or  arenaceous  mica-schist,  always  hav- 
ing a  sandy  qoartz  base,  bat  often  dark  gray  in  color,  owing  to  the 
abundance  of  biotite  mixed  with  the  masoovite.  This  also  regularly 
contains  tourmaline,  in  shapeless  groups  of  needles,  clear  down  to  the 
edge  of  the  river  at  the  north  foot  of  the  bill.  The  same  conditions  exist 
in  the  ridge  to  the  northwest.  The  rock  is  toarmaUne-bearing  from  top 
to  bottom,  except  in  the  middle  of  the  east  face  of  the  steep  hill  which 
forms  its  north  end,  where  there  is,  in  considerable  force,  a  pore  white 
qaartzite  containing  only  a  few  minote  pyrite  cobes.  It  is,  however, 
more  granular  than  the  Silurian  qnartzite  to  the  east  and  more  regnlarly 
banded,  and  layers  immediately  above  and  continnona  with  it  contain 
mach  mica  and  tourmaline. 

Structure, — In  FemclifF  the  rock  is  much  contorted  in  the  west  Eitce 
of  the  ridge;  its  beds  dip  east  into  the  hill,  with  high  angle,  and  emerge 
in  the  same  direction,  with  low  dip  to  the  east  as  a  whole  but  with  large 
low  nndulations  of  the  beds  to  north  and  sonth  and  with  low  dips  to  the 
west  in  some  places,  as  at  the  cave. 

Od  the  north  fiice  of  the  Femcliff  hill  the  beds  dip  first  20°  E.,  then 
30°  B.,  where  they  are  on  a  level  with  the  Silurian  qaartzite  to  the 
west;  60  feet  lower,  at  the  river  bank,  they  are  nearly  horizontal,  with 
low  dip  south.  At  the  north  end,  iu  the  same  way,  the  dip  la  70<>  to  80° 
G.  all  the  way  np  the  west  face,  with  low  easterly  dips  on  the  east  side. 
In  the  high  ground  of  the  valley  border,  several  miles  to  the  east,  the 
equivalent  of  these  rocks  appears  as  the  Ohesbire  qaartzite,  which 
graduates  into  tbeBecket  gneiss,  and  they  are  here,  for  a  longdistance 
north  and  aooth,  characterized  by  an  abundance  of  minute  stout  tour- 
maline prisms.  They  are  mnch  more  highly  metamorphosed  than  the 
Silariau  rocKs  with  which  they  are  here  associated. 
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LOWKR  LUnUTOMB. 


The  lover  band  of  the  Stockbridge  limestone  which  appeu'S  in  this 
nrea  is  deeply  haried  in  the  low  valley  bottom  and  rarely  exposed  at 
all.  At  the  railroad  crossing  in  the  north  edge  of  Lee  village,  opposite 
the  Oolombia  mills,  where  on  the  map  the  eastern  qoartzite  band 
crosses  the  road  and  railroad,  is  a  section  which  shows  all  the  remain- 
iDg  rooks  of  the  area  in  excellent  ezposare,  all  dipping  eastward  in 
apparent  conformity,  and  just  sonth,  along  the  railroad,  the  lower  lime- 
stone is  also  well  exposed  in  the  catting.  It  is  foil  of  phlogopite  in 
bands,  especially  at  the  top,  of  altered  pyrite  in  pentagonal  dodecahe- 
drons, of  granular  colorless  mascovite,  and  of  qnartz  grains.  Its  osloite 
grains  are  mach  twinned. 

It  folds  aronnd  a  large  lens  of  a  very  coarsely  crystalline  and  limpid 
marble,  and  is  as  a  whole  so  much  more  crystalline,  translaceot,  and 
filled  with  minerals  than  the  soft,  fine,  sngary  limestone  of  the  upper 
bed  as  to  strongly  suggest  that  it  may  belong  to  the  pre-Oambrian 
limestone,  like  that  of  the  East  Lee  Valley.  I  oonld  not  find  chondrodite 
or  pyroxene  in  it,  and  consider  it  a  Stockbridge  limestone  rendered 
more  highly  crystalline  than  usual,  perhaps  by  the  iufloence  of  faulting. 

The  accompanying  analysis  of  a  specimen  of  this  limestone,  fh>m  the 
railroad  cut  in  Lee,  also  goes  far  to  prove  that  the  rock  is  to  be  asso- 
ciated with  the  Stockbridge  limestone.  The  analysis  was  made  by  Hr, 
George  Steiger  in  the  laboratory  of  the  United  States  Geological 
Survey. 

jlMdlytii  <^  IimMloM«,/>oM  (Ml  «Kit  *M«  (^  railroad,  norU  of  Lee  village. 
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I  have  elsewhere  brought  together  (see  p.  69)  four  analyses  of  tbe  pre- 
Cambrian  limestoiiesof  western  Maeaachnsetts.  They  are  alt  nearly  pare 
dolomites  and  contain  an  average  of  11  per  cent  of  siliceous  imparities. 

In  a  list  of  25  unulyses  of  tbe  Stockbridge  limestones  12  are  aeurlj 
pure  calcium  carbonate,  and  those  which  contain  magnesia  are  nearly 
always  free  from  siliceous  imparity. 

BHIKSHIBX   §CHieT. 

This  mica-Bohlst,  which  iawell  exposedjnsteastof  tbe  railroad  cross- 
ing on  the  foregoing  section  and  in  many  places  to  the  sonth  as  well  as 
alonff  the  southwest  shore  of  Laurel  Lake,  is  a  felted  mass  of  warped 
red-brown  biotite  scales,  generally  of  quite  ragged  appearance,  matiog 
readily,  and  withont  accessories. 


The  quartzite  which  appears  near  the  schoolbonse  Just  west  of  Pem- 
cliff,  and  which  has  been  recently  opened  for  road  material  across 
the  river  to  the  northwest,  agrees  exactly  in  composition  with  that  of 
the  ridge  a  mile  east  of  FernclifF.  It  is  tbe  usual  pure,  massive,  pale- 
yellow,  vitreous  qnartzite. 

It  diminishes  rapidly  in  thickness  toward  the  west  aud  uortb.  At 
the  south  end  of  the  east  band  it  composes  the  whole  of  tbe  massive 
hill  joBt  eastof  Lee  (1,131  feethigh),  while  where  it  crosses  the  railroad 
it  is  less  than  50  feet  thick.  Farther  north  the  rocks  are  everywhere 
covered,  bat  all  the  indications  of  topography  point  to  its  entire  disap- 
pearance, as  at  the  north  end  tbe  mica-scbist  ridge  slopes  down  grad- 
ually into  tiie  low  limestone  plain,  whereas  a  strong  ridge  would  rise 
U)  tiie  east  if  the  quartzite  were  present  Tbe  quartzite  west  of 
Feriicliff  is  also  only  about  6U  fset  thick,  and  seems  to  thin  oat  to  the 
northwest  so  that  it  ceases  to  have  influence  upon  the  topography. 


This  is  the  common  Stockbridge  limestone,  w^hite  or  pale  gray,  friable, 
generally  pure  in  this  vicinity,  except  that  tremolite  is  abundant  in  tbe 
quarries  to  the  south  of  the  town. 

FAULTS. 

The  representation  of  a  nortb-sontb^t'ertwiliff  fault  is  jnstiAed  by  tbe 
close  approximation  of  the  Silurian  quartzite  to  the  Cambrian  qnartzite 
in  Ferncliff,  followed  by  the  similar  approximation  of  the  Silurian  mica- 
schist  at  tbe  north  end.  It  is  drawn  parallel  and  symmetrical  with  tbe 
main  Lenox  fault,  which  runs  at  the  foot  of  the  mountain  to  tbe  east, 
as  an  overthrust  subordinate  to  the  main  one,  and  most  simply  explains 
the  structure  of  the  region. 

Justification  for  the  hypothesis  of  an  east-west  fault  is  found  in  the 
fact  that  on  reaching  this  line  tbe  two  strong  quartzite  ridges  suddenly 
stop  and  the  whole  area  before  tbem  lies  at  the  low  level  of  the  limeitones, 
BO  deep  indeed  that  over  a  square  mile  thure  are  no  outcrops  at  all.  It 
is  thus  muoL  more  probable  that  tlie,se  resistant  beds  are  faulted  down 
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than  thtkt  they  form  the  sarfooe  across  to  the  edge  of  the  moantainB, 
where  they  appear  agaia  Id  imdiminiBhed  thickness. 

This  foult,  prolonged  easterly,  rans  np  the  Bast  Lee  Valley,  where  it 
or  another  taaXt  aoath  of  and  parallel  to  it,  which  is  given  with  qnery 
on  the  map,  terounates  the  Iieoox  fanit  and  is  marked  by  the  over- 
thmst  of  the  pre-Oambrian  on  the  Oambriaa.  It  also  runs  parallel  to 
the  great  IVringham  Valley  faolt  to  the  south. 


sia^iricATios  ov  tbe  northwsbtbrn  thinkins  ov  thx  emuKutr  quartzitk. 

I  have  elsewhere  shown  that  the  Tyringham  and  East  Lee  valleys 
were  early  blocked  oat  because  of  tbe  solability  of  the  Hinsdale 
limestoDe,  and  this  thinning  out  of  the  coarse  sediments,  represented 
by  the  two  qnartzite  bands  (see  Ssq,  PI.  VII),  along  lines  radiating 
fixim  the  month  of  theEastLee  Valley,  may  mark  a  timeof  exceptional 
elevation  of  the  Berkshire  Valley  border  and  of  strong  drainage 
through  the  long  East  Lee-Otis  depression.  Id  other  words,  the 
qnartzite  and  associated  band  of  Berkshire  schist  represent  the 
remains  of  the  delta  deposit  of  a  stream  flowing  west  down  the  East 
Lee-Otis  Valley  daring  Ix>wer  3ilnrian  time. 


HrHSDAl,B  FAULT. 

This  foult  mns  north  and  south  throngh  the  village  of  Hinsdale. 
Along  the  whole  western  border  of  the  Hinsdale  anticliue  north  of  the 
Flankett  reservoir  the  Washington  graphitic  gneiss  is  absent  and 
the  Lee  gneiss  comes  successively  into  contact  with  the  Cambrian 
Becket  gneiss,  the  Washington  gneiss  of  the  Daltoo  antiohne,  and  the 
Stoekbridge  limestone. 

A  mile  south  of  Hinsdale,  at  tbe  top  of  the  hill  Just  went  of  the 
large  ontorop  of  limestoue  near  tbe  bridge  over  the  railroad,  and  again 
90  rods  west  of  the  last  inhabited  house  (0.  D.  Barrett's)  on  the  blind 
road  running  north  from  the  cemetery,  the  Lee  gneiss  can  be  seen  in 
immediate  proximity  to  the  Becket  gneiss.  The  fine-grained  odcaoeons 
quartzite  (Cambrian)  has  a  strike  N.  lO^  W,  and  a  dip  65°  W.  The 
amphibolite  and  banded  gneisses  (Lee  gneiss)  adjacent  on  the  east 
have  a  strike  N.  5fP  W.  and  a  dip  80°  W. 

Farther  north,  at  J,  Hanrahan's,  south  of  the  road  running  east  from 
Dalton,  the  Lee  gneiss  carrying  allanito  is  for  a  long  distance  in  imme- 
diate proziniity  to  the  great  onteroi>s  of  Stoekbridge  limestone,  show- 
iug  that  the  fault  is  one  of  great  importance  and  concealing  the  whole 
Cambrian  and  Upper  pre-Cambrian  beds. 

DALTON  FAULT. 

From  the  high  iron  bridge  near  tbe  Dalton  railway  station  the 
crumbling  white  Stoekbridge  limestone  can  be  seen  to  form  the  north 
bank  of  the  Honitatoulu  for  a  long  way  vest,  while  the  fluted  snr&ce  of 
tbe  massive  Cheshire  quartzite  forms  the  steep  south  bank. 

At  the  ruined  pier  of  a  proposed  bridge  this  fluted  snrfiace  dips  80° 
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N.  ia  the  npper  portion  of  the  bluff,  50°  and  iO°  in  the  lower  part,  and 
represoDta  the  fault  surfoce,  being  horizontally  groond  and  Blickeneided 
b;  the  horizontal  thrust  of  the  fault.  The  limestone  appears  in  the 
DOrthem  bank  of  the  narrow  stream  to  the  next  iron  bridge,  where  it 
iaelades  qoartzite  beds  and  forms  the  bed  of  the  stream,  with  a  constant 
strike  N.  2(P  E.  and  a  low  westerly  dip  of  20°,  as  at  the  Carson  and  Browu 
paper  mill,  just  west.  Here  the  adjoining  rock  on  the  south  of  the 
faolt  is  a  dark,  corragated  mica-scbist,  abnndaut  in  the  biUs  to  the 
south,  and  in  boring  an  artesian  well  at  this  mill  and  2  or  3  rods  north 
of  the  stream  the  anger  went  through  the  limestone  for  135  feet  and 
then  dropped  3  feet  onto  the  surface  of  the  mica-schist,  which  was 
bored  9  feet.  I  fonnd  chips  from  this  boring  identical  with  the  schist 
in  the  hill  to  the  soath.  This  gives  tHe  fanlt  bere  a  hade  to  the  north 
about  the  same  aa  the  quartsite  plane  mentioned  above.  The  veil 
record  is  Interesting  and  is  given  below. 

The  faults  on  the  north  and  south  of  the  Dalton  anticline  were  formed 
by  the  crashing  together  and  the  uplifting  of  this  anticline,  aud  an 
inspection  of  the  map  will  suggest  that  the  two  areas  of  mica-schist 
north  and  south  of  the  fkult  may  once  have  been  continuous,  aud  the 
part  to  the  north  have  been  pushed  eastward  by  the  throw  of  the  faolt 

It  may  have  been  a  muddy  band  sent  out  over  the  bottom  of  water 
where  for  the  most  part  limestone  was  forming,  and  have  been  continaoos 
eastwardly  with  the  remnant  in  Windsor  and  the  Hoo8ac  echists  forthier 
east 

ABTESIAM  WKIXa   UPON   THE   DALTON   FAULT. 

The  great  paper-making  milts  at  Dalton  owe  much  of  their  high  rep- 
utation to  the  abundant  artesian  water,  of  excellent  qoality,  obt^ued 
from  very  shallow  weUs  bored  upon  the  Dalton  fault.    (See  PL  VIII.) 

At  the  Carson  aud  Brown  mill,  beside  the  Honsatonio  River,  in  the 
west  part  of  Dalton  village,  two  interesting  artesian  wells  have  been 
bored.  One  was  commenced  March  7, 188i,  by  D.  Dull,  of  TSbw  York. 
The  following  record  was  given  me  by  Mr.  Brown: 

B^ootd  of  (mU  boringt  at  lt«  Carton  amd  Brown  mUl  in  DtUtan  ii*  IBSi. 

Soft  rock 30 

Hard  rook 81 

All  way  bard  rock 98 

Little  wat«r  ran  over 99 

Soft  Took 101 

Soft  rook _. lOa 

Tory  soft  rock *. 104 

Very  toft  rook 109 

Tory  wft  rook U4} 

Very  soft  rock IIT 

VoryMftiook;  flrstwaterran 'M 

Terysoftrock;  increased  wat«r  run 136 

Very  hard  rook 131i 

Broke  thToagb  to  soft  rock  aud  gravel  3  foet  deep ;  water  doubled.  136 

Solid  look  a£Ma 138 

Conttnoed  9  fsttt  In  the  Mme  Mild  rook 147 


biGoogle 


b,  Google 
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The  well  supplied  740  gallons  a  mmnte  of  the  purest  watm.  The 
npper  roclc  was  limestone.  The  drill  fell  in  a  cavity  formed  by  sola- 
tion  of  the  base  of  the  limestone  by  -rater  circulating  along  the  plane 
of  tbe  fanlt.  The  lower  rock  was  the  corrugated  mioa-schist,  as  shown 
by  samples  preserved. 

In  1855  a  well  was  bored  on  the  west  side  of  the  mill  near  the  river  by 
8.  S.  Gilman,  of  Springfield.    Tbe  following  record  was  preserved: 

Seeord  of  mil  boring  at  the  Cothhi  aitd  Broten  mill  ii»  Dalton  in  18SB. 

rwt. 

Book  bine  lime 21 

Rock  blue  lime .* 24-37 

Graybuid;  first  water 37-40 

Gra2rllme 40-87 

White  belt;  targe  water  vein,  flowing  irell 67-71 

lucreaee  of  water 71-100 

"Tbe  rock  is  soft  lime  mixed  with  soapatone,"    The  soapstone  was 
probably  the  decomposed  micaceons  portion  of  the  limestone. 
Au  analysis  of  the  water  gave  the  following  resnlts: 

Anal'ntii  of  water  from  artetian  vieli  in  Daltoti. 
[PaiU  la  I.IKMI.OOO— 140.S  solid.] 


SiO, 

■ilA 

CdO 

MgO 

TtO 

CI 

CO. 

CiOO, 

MgCO, 

M»C1 

810, 

A1.0, 


33.M 


The  wells  in  the  village  of  Balton  to  tbe  north  and  east  lost  th^r 
water  when  tbe  first  well  was  opened.  Other  wells  have  been  bored 
along  the  same  fault,  at  Mr.  Byron  Weston's  milts  farther  east,  bat  the 
wells  bored  at  the  Crane  mills  to  the  west  were  nnsucceasful  and  were 
plainly  not  along  the  line  of  the  &nlt.  The  following  rejiort  on  the 
wells  at  the  Weston  mills,  250  rods  east  along  the  same  fanlt,  has  been 
prepared  for  me  by  Mr.  W.  L,  Tower,  civil  engineer  in  Dalton: 

Namber  of  wells,  5,  of  which  1  are  In  use : 

No.  1,  the  BonanzA,  ie  239  feet  deep  and  was  bored  Id  winter  of  1883-84.  First 
Sowof  water  teated  January  24, 1884,  showed  366  gallons  per  miante.  After  fnrther 
boring  more  water  was  obtained,  and  tbe  flow  has  perceptibly  iacreased  since  the 
well  was  completed.    The  latest  test  shows  a  flow  of  550  gallons  per  minute  with  a 
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pomp  lifting  the  w«Mr  18  feM  oat  of  w«ll.  Th«  boring  diiUa  and  pact  of  tiM  •pp»- 
Tstna  irere  lost  In  thia  irell,  and  it  ia  thonght  that  tbi«  fact  dlminiahea  tit»  flow  of 
wat«i.'  The  look  is  ieport«d  to  have  been  priuoipally  ver;  soft  limeatoue.  OpeM- 
tiona  in  boring  tbU  veil  were  ver;  much  delayed  and  hindered  by  caving.  It  wat 
bored  by  Daniel  Dall,  of  New  York  City,  who  Baved  sampIeB  of  the  rook  p  inn  nil 
throngh  in  boring  the  Bonanca  and  Deep  wella. 

Vo.3,  Deep  well;  Sit  feet  deep;  bored  in  fall  of  1883.  Flow,  360  gallona  per  min- 
nte.  Bored  by  Daniel  Dnli.  Eoclc  paaaed  throngh  medium  to  hard  Ilmaatone  and 
a  vein  of  veiy  flinty  rook  at  a  depth  of  abunt  300  feet. 

No.  3,  Chamberlin  waU;  160  feet  deep;  bored  ISBB-OT.  Flow,  190  gallons  per 
minute.     Bored  by  Mr.  Oilman. 

No.  4,  DeSanoe  well;  76  feat  deep.  Flow,  38  gaHons  per  mlnnte.  This  well  ii 
about  400  feet  northeast  of  the  Bonanza  well.  Sarboe  tock  in  the  immediate 
Tloinity,  as  nneovered  in  summer  of  1896,  soft  seamy  llmeatone.  Bored  by  Jeaee 
Button,  Spriogfleld,  Massaohnsetts.  An  aualyaie,  made  at  Yale  College,  of  the  water 
of  the  Bonanza,  Deep,  and  Cliamberlin  wells,  determined  that  it  ia  very  haid,  con- 
tains oarbonatea,  ia  nnflt  for  nae  in  boilers  or  lanndry. 

There  Is  a  fifth  well  at  Weston's  mills,  near  the  Deep  well  bored  by  Jene  Button, 
bnt  it  Is  DOW  abandoned.    The  well  haa  a  tamperatnre  of  48°  fbr  summer  uid  winter. 

SOUTH  DAIiTON   OS  WABNKB  KOUKTAXN  FAULT. 

The  west  end  of  this  fault  can  be  well  atadied  a  hundred  rods  north 
of  where  the  road  from  PittsfleM  to  Waabington  Station  first  cnwsee 
Sackett  Brook,  in  a  narrow  gorge  rnnning  ea&t  and  west  and  forming 
the  gathering  gronnd  of  a  small  brook,  shown  on  the  map,  that  mns 
west,  crosses  the  north  and  south  road,  and  joins  Sackett  Brook. 

The  north  wall  of  this  narrow  valley  is  composed  of  the  dark  Becket 
gDeiss,  the  south  wall  of  the  pure  Cheshire  qaartzite,  and  they  both 
strike  north  and  south  and  dip  west. 

Going  west  to  the  next  point  where  Sackett  Brook  crosses  the  road, 
one  may  take  s  wood  road  north  from  the  western  honse  (J.  Sweeney's) 
of  the  small  settlement  100  rods  ap  the  mountaiu  side  and  100  feet  above 
the  main  road  to  a  groap  of  logging  huts  new  a  bridge. 

Five  rods  ap  the  brook,  above  this  bridge,  one  finds  the  white  qaartz- 
ite on  the  south  abutting  against  the  dark  Becket  tenrmaline-beariDg 
gneiss  in  a  well-marked  vertical  east-west  fault,  which  can  be  traced  in 
the  bluff  a  long  way  east  to  a  point  where,  north  of  the  eastern  house 
of  the  village  { W.  Eirschner's),  the  quartzlte  begins  to  oome  in  contact 
with  the  older  gneiss,  and  where  the  junction  of  the  two  gneisses  is 
also  well  exposed  a  long  distance  ia  a  steep  bluff. 

The  fault  limite  the  Dalton  normal  anticline  on  the  south.  South  of 
the  fault  the  quartzite  extends  a  mile  farther' east  than  on  ite  northwn 
side.  All  along  the  roadside,  south  of  the  great  southward- facing  scarp 
caused  by  this  fanlt,are  numerous  great  bowlders  of  a  coarse  quartsite 
breccia  cemented  by  much  limonite — a  firictjon  breccia  derived  fhim 
this  great  fault     (See  p.  80.) 

At  a  point  a  half  mile  north  of  the  top  of  Warner  Mountain  the 

Int  and  Um  tool*  Ml  Into  Ito 
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corner  of  the  pre-Oambrian  area  can  be  clearly  mapped  in  the  bare 
hilltop.  From  this  point  east  the  conntiy  is  covered,  bat  the  forma- 
tioDB  that  come  ap  to  it  ou  the  north  and  on  the  south  are  so  diverse 
that  the  prolongation  of  the  fanlt  is  certain,  and  ito  exact  poaitioa  can 
not  be  anywhere  far  from  the  line  given  on  the  map.  It  is,  however, 
not  certain  that  it  cats  off  the  pre-Gambrian  limestone  at  the  overhead 
bridge  Honth  of  Hinsdale  village,  althoagh  thi»  is  by  far  the  most 
probable  repreeentatiou  of  this  badly  covered  area. 

LENOX  PAULT. 

A  half  mile  soath  from  New  Lenox  Roaring  Brook  comes  down  Arom 
the  mountain.  Following  it  np  100  rods  Arom  the  road  over  the  dis- 
tioctly  bedded  qoartzite,  which  strikes  45°  E.  and  dips  50°  W.,jncrea8> 
iug  near  the  contact  to  60°  W,,  the  contact  above  can  be  seen  in  the 
Bide  of  the  wood  road  which  follows  the  brook  on  the  north  side,  and 
below  in  the  bank  at  a  fine  waterfall.  The  qnartzite  is  here  thick 
bedded  and  much  contorted,  especially  a  little  farther  south,  and  its 
postni-e  is  oonetant.  It  is  vertically  jointed  for  several  feet  west  from 
the  contact  and  a  few  scales  of  mnscovite  appear  on  the  foliation  fncea. 

The  gneiss  rises  in  a  great  bluff  above  the  qnartzite,  and  thia  bloff 
extends  a  hundred  rods  north  and  several  miles  south  to  the  Bast 
Lee  Valley.  The  gneiss  is  highly  stretched,  with  strong  jiitch  sonth. 
It  is  much  cmshed  and  agrees  in  type  with  the  Tyringham  rock.  Many 
bowlders  of  the  coarse  Washington  blue-quartz  gneiss,  blotched  with 
great  masses  of  biotite,  have  fallen  down,  and  the  contact  of  the  two 
formations  is  in  the  bluff  above. 

A  still  more  interesting  exposure  of  the  same  contact  is  found  a  mile 
east  of  Leuoz  Fnmaee  (Qg.  8,  p.  44).  A  wood  road  runs  east  from  a 
sharp  bend  in  the  main  road,  and  the  section  shown  in  the  figure  begins 
where  this  road  crosses  a  brook  and  continues  along  its  side. 

The  contorted  qnartzite  at  the  brook  crossing  seems  to  have  a  rather 
low  dip  west,  bnt  the  finer,  flaggy  quartzites  higher  up  dip  steeply  to 
the  west,  which  seems  to  be  the  iwstare  in  the  beds;  flattened  pebbles 
are  found  higher  up.  These  beds  and  the  thick,  granitoid  quartzite 
which  follows  (and  which,  as  in  the  Dalton  cinbhonse  section,  is  charac- 
teiized  by  a  pale-green  muscovite)  are  full  of  small  tourmalines  and 
connect  with  the  Oambrian. 

At  the  contact,  which  occurs  in  a  great  white  ledge  sonth  of  the 
brook  just  before  reaching  the  thick  woods,  only  a  rod  of  a  true  Becket 
gneiss  intervenes  between  the  miciiceooB  qnartzite  and  the  black-and- 
white  pre-Cambriau  gneiss.  There  is  a  conformity  of  foliation  at  the 
junction,  but  while  the  quartzites  strike  north  the  older  gneisses  strike 
nearly  east,  and  the  extent  and  character  of  the  fault  can  not  be  deter- 
mined. It  depends  upon  the  thickness  of  the  gneissoid  lower  member 
of  the  Cambrian,  and  this  is  variable;  at  times  the  Cambrian  seems  to 
be  a  qnartzite  to  its  base.  l.i      ...  ^. ..'... ^,,... 
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Five  rods  east  of  the  contact  of  tbe  section  shown  in  fig.Oonx>&S^^ 
at  the  point  where  the  road  from  Lenox  Fnraace  if  prolonged  east  woaM 
cut  tbe  1,400  contOQT  line,  is  the  contact  of  the  white- and-black  banded 
Lee  gneiss  and  a  stretched  gray  Tyringham  gneiss.  The  wood  road 
rnns  over  bare  rook  at  this  point,  and  there  is,  resting  nncoaformaUy 
apon  the  vertical  edges  of  the  Lee  gneiss,  a  thin  veneering  of  a  dark 
jointed  Gambi-ian  slate  containing  small  pebbles. 

Tbe  complex  aeries  of  fanlts  near  East  Lee  can  be  only  partaally 
deciphered,  and  tbeir  connection  with  the  Lee  fanlts  is  not  clear.  The 
matter  is  discassed  ander  tbe  sections  describing  the  East  Lee  limeetone 
(p.  00)  and  the  FerDcliff  fanlts  (p.  88). 

,  TTBinOHAM  FAULT. 

The  Tyringham  fanlt  has  had  mach  to  do  with  the  formation  of  the 
deep  Tyringham  Valley.  How  much  It  has  been  assisted  by  the  aola- 
tion  of  the  pre-Cambrian  limestones  can  not  be  determined. 

It  brings  the  pre-Cambrian  np  against  the  Oambrian  in  the  month  <rf 
the  valley,  probably  bades  north,  and  is  npthrown  on  tbe  north  side. 
Lower  down  tbe  valley  it  has  brought  Cambrian  and  pre-Gambriao 
together,  and  in  its  continnation  has  formed  the  upper  valley  of  Clam 
Biver,  as  tbe  Otis  &11II  has  fixed  the  npper  coorse  of  the  Farmington 
Blver. 

INTRUSIVE   ROCKS. 

Intmsive  rocks,  both  basic  and  acid,  are  almost  absent  ttoTO  the 
Becket  and  Sandisfleld  quadrangles,  except  so  far  as  the  pre-Cambrian 
rocks  are  altered  ernptives.  West  of  the  great  granite  stocks  which 
look  down  on  the  Connecticnt  Valley  and  their  broad  fringe  of  dikes, 
the  isolated  dike  of  porphyritic  grauitite  in  Middlefield  ia  almost  tbe 
only  acid  intmsive  which  approaches  this  territory.  The  greatly 
altered  black  massive  bomblendic  rocks  of  Becket  and  of  Ball  Moon- 
tain  and  vicinity,  associated  with  the  Oambrian  gneisses  in  the  extreme 
southwest  corner  of  the  area,  are  the  only  exception  among  tbe  basic 
rocks.  The  same  is  trne  of  the  extension  of  this  area  to  the  north 
across  the  State.  Two  small,  mnch-altered  dikes  of  basic  rock  are 
indicated  by  Professor  Wolff  in  tbe  Hoosac  Mountain  map  as  northeast 
and  southeast  of  the  village  of  Berkshire,  and  a  third  pre-Cambrian 
dike  ia  described  from  Oak  Hill,  on  the  north  border  of  the  area.  Tbe 
same  seems  also  true  of  Ureylock  Monntain  and  of  tbe  Taconic  Kange 
for  a  considerable  diatauce  to  the  west  The  basic  rocks  of  the  Cam- 
brian are  described  on  page  69,  in  order  to  compare  them  with  the 
amphibolites  formed  from  sedimentary  beds. 

Pegmatite. — A  well -characterized  graphic  granite  is  represented  in 
Mr.  1).  Clark's  collection,  which  was  obtained  trom  the  roadside  in 
West  Otis  village.  Tbe  granite  50  rods  below  Windsor  Falls,  in  Dal 
ton,  south  of  the  brook,  contains  gond  crystals  of  orthoclase  and  a  litUe 
actinoUte  in  biotit«,  and  is  soaked  full  of  a  lemon-yellow  iron  salt  due  to 
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change  of  Itiotite  and  actinolite.  In  the  southwest  part  of  the  Sandis- 
field  qnadrangle  small  pegmatite  Teins  and  impregDatious  are  qaite 
ft-eqneQt,  bnt  not  exteDsive  enough  for  mapping.  They  present  no 
pecaliar  characteristics  except  at  the  occarrenoe  north  of  Town  Hill,  in 
Sandisfleld,  where  the  crashing  has  sheared  the  large  tonrmalines  in  a 
remarkable  way  into  a  series  of  echeloned  plates.  The  small  pegmatite 
dikes  bordering  the  amphibolite  at  the  Becket  qnarry  are  described  on 
page  76,  and  those  at  the  West  Norfolk  cnt  on  page  77. 

GLACIAL  DEPOSITS. 

The  whole  npland  country  is  covered  by  drift,  often  very  heavily, 
especially  in  the  aoath  of  Becket  and  the  nc^h  of  Otis,  bnt  presents 
little  of  Bpeuial  interest. 

POST-GLACIAL  DEPOSITS. 

The  Hoosac  limestone  valley  is  continned  south  over  a  low  pass  in 
Lanesboro  into  the  broader  Housatonio  Valley  at  Pittsfield  by  way  at 
Unkamet  Brook.  The  Hoosao  Mountain  Bange  fix)m  the  north  line  of 
the  State  to  the  north  of  Dalton  presents  so  steep  and  uniform  a  slope 
to  the  west  that  it  forms  an  unbroken  line  of  division  between  the 
Obamplain  deposits  ou  both  sides  of  the  range.  When,  however,  the 
limestoDe  expands  eastward  in  the  center  of  Dalton  a  partial  anion 
occars. 

Ibis  Dalton  bay  is  deep,  being  underlain  by  the  Stockbridge  marble, 
which  is  easily  removed  by  erosion.  It  is,  moreover,  continoed  sooth- 
east  across  Hinsdale  and  WasfaiiigtoD  by  a  carious  transverse  depres- 
sion in  tbe  Berkshire  Hills,  which,  although  at  a  much  higher  level 
than  the  Pittsfield  Plain,  is  yet  much  below  the  crest  of  the  ridge.  It 
begins  narrow,  at  its  southeast  comer,  and  extends  as  a  broad  depres- 
sion across  Hinsdale,  where  it  drains  west  as  the  Honsatonic,  and  is 
continned  beyond  the  Washington  station,  where  it  expands  into  a  deep 
amphitheater  and  snddenly  narrows  into  a  canyon,  which  continues  into 
Becket  and  contains  the  bead  waters  of  the  Westfleld  Biver — a  tribu- 
tary of  the  Gonnecticat. 

When  the  boundaries  of  the  complex  overthrown  Hinsdale  anticline 
were  made  out,  the  lowest  easily  decomposing  beds  of  the  pre-Cambrian 
imclens  of  this  anticline  were  seen  to  have  conditioned  this  depression, 
which  is  divided  at  the  Washington  station  by  a  dam  of  the  deoom- 
)>o8ing  gneisses  about  1,560  feet  above  tbe  sea.  These  fhmished  the 
barrier  which  fixed  the  level  of  the  Hinsdale  lake  in  Glacial  time,  and 
whiob  fbrms  tbe  watershed  of  the  present  topography. 

WASHINGTON  BASIN, 

As  tbe  ice  melted  up  the  West&eld  Biver  Valley  it  at  last  set 
tVee  the  canyon  already  mentioned,  between  Becket  and  Washington 
stations,  sud  the  deep  amphitheater  into  which  the  canyon  expands 
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jiut  before  reaching  the  latter  Btation.  Aa  the  waters  escaped  from 
the  ice  and  passed  throagh  the  gorge,  tbey  left  a  great  body  of  sand  in 
the  basin,  and  this  at  a  Ume  whidb  Blighily  antedated  the  formation  of 
the  Hinsdale  lake  described  below. 

For  nearly  a  square  mile  north  of  Washington  Btation  the  broad, 
flat-topped  sands  stand  80  feet  above  the  bottom  .of  the  Binsdale  lake. 
Beoent  extensive  excavations  by  the  railroad  along  tbia  plain  showed 
that  for  long  distances  it  is  composed  of  broad,  undulating  sheets  of 
nearly  horizontal  sands  and  gravels,  bending  down  on  the  sonth,  with 
delta  front  stmctore.  They  were  probably  laid  down  when  the  ioe 
still  occupied  moat  of  the  Hinsdale  Basin  to  the  north  and  bad  just 
begun  to  send  its  waters  down  the  newly  opened  gorge  to  the  sootb. 


A  description  of  the  heavy  gravel  and  fine  sand  deposits  which  fill 
the  baaiu  back  (north)  of  tfae  Washington  sand  plain  across  Hinsdale 
and  which  end  abruptly  in  a  terrace  scarp  on  the  east  edge  of  Daltou, 
high  above  the  level  of  the  sands  in  the  Fittsfleld-Daltou  Valley,  will 
be  best  appredated  if  given  la  the  terms  of  the  theory  which  seems  to 
explain  them. 

The  sands  seem  to  have  been  deposited  while  the  ioe,  having  just 
abandoned  the  Hoosao  Range  to  the  east,  still  filled  the  limestone  valley 
to  a  point  south  of  Pittsfleld  and  projected  into  the  Dalton  bay,  com- 
pleting the  bouDdary  of  the  lake  near  the  present  western  boundary  of 
Hinsdale  Township,  and  about  a  mile  north  of  Hinsdale  village. 

The  Washington  gneiss  barrier  determined  the  height  of  the  waters, 
and  heavy  floods  from  the  north  and  northwest  swept  across  the  ice 
and  into  the  lake,  carrying  great  masses  of  sand  and  gravel  which, 
exactly  as  in  the  filling  of  a  mill  pond,  were  deposited  in  the  upper 
part  of  this  lake,  filling  the  narrow  northern  portion  from  the  poiut 
where  the  ioe  stood,  across  the  area  where  is  now  the  Catholic  cemetery, 
extending  southward,  and  expanding  with  the  widening  of  the  basin  to 
a  broadly  curved  line  just  south  of  Hinsdale  village. 

The  great  plains  to  the  north  and  east  of  the  village  [the  level  of 
Maple  street),  t^nt  1,520  feet  above  the  sea,  are  a  remnant  of  this 
extensive  deposit,  and  the  magnificent  terrace  scarp  which  starts  from 
the  road  running  southeast  from  the  town  library  and  about  50  rods 
from  that  building  and  runs  a  half  mile  east  to  the  next  road,  is  the 
terrace  front  of  the  great  delta  that  was  advancing  into  the  lake  when 
a  period  was  put  to  the  lake  itself. 

On  the  recession  of  the  ice  northward  into  the  Dalton  bay,  the  lake 
drained,  forming  the  present  Hoasatooic  River  and  cutting  away  much 
of  the  old  delta.    The  sand  which  had  rested  against  the  icecaved  fa'  ' 
terrace  scarp  sloping  north  toward  the  Dalton  bay,  traces  of  whi 
scarp  can  be  seen  j  nst  north  of  the  Catholic  cemetery. 

In  Hinsdale  one  mast  mentally  restore  the  level  of  Maple  street,  t . 
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broad,  plain  eaat  of  the  village,  and  carry  it  across  to  the  lullside  on  the 
west  of  the  village,  in  order  to  understand  the  great  sand  deposit,  for 
brooks  and  temporaiy  washouts  have  carried  forward  the  destmction 
beg^ii  by  the  breaking  away  of  the  lake. 

From  the  foot  of  the  great  ddta  firont  below  the  library  a  broad,  flat 
plain  of  fine  sand  extends  south,  the  whole  width  of  the  basin,  to  the 
foot  of  the  transveise  sand  plain  in  the  Washington  Basin  which  bounds 
the  lake  on  the  sontb. 

The  plain  descends  slightly  to  the  south  and  the  river  meanders 
slowly  across  its  flat  surface.  The  fine  sands  were  being  spread  over 
the  bottom  while  the  great  gravel  delta  was  advancing  into  the  basin 
and  gradually  covering  them.  The  high  delta  flats  at  Hinsdale  and  at 
Washington  Station  aud  the  lake  bottom  bed -between  them  can  be 
clearly  made  oat  from  the  contours  on  the  inch-scale  map. 

DAI.TON  EAISES. 

A  great  kame  starts  high  np  on  the  Wakonah  Falls  Brook  in  south- 
west Windsor.  The  broad,  open  valley  is  in  its  northern  part  and  for  a 
lonjT  way  south  bottomed  by  till,  and  is  then  suddenly  covered  by 
gravels  which  gain  great  thickness  southwardly  befbre  they  reaoh  the 
reservoir  3  miles  northeast  of  Dalton.  Southeast  of  the  latter  place, 
in  the  northwest  of  Hinsdale,  similar  sands  expand  in  a  broad  basin. 
These  join  the  Windsor  sands  and  extend  west  down  the  Wakonah 
Brook  Valley  into  Dalton  as  a  well-sorted  gravel  kame  of  large  dimen- 
sions (a  long  sand  plain  abounding  in  deep  pits)  which  winds  strangely 
across  Dalton  and  is  finally  submerged  beneath  the  broad  sand 
stretches  which  expand  westward  fVom  the  Pittsfield  plains. 

It  is  clear  that  these  gravels  began  to  be  deposited  when  the  ice  still 
filled  the  Dalton  depression,  and  that  the  waters  that  brought  them 
had  ttien  an  outlet  south  across  Ashmere  reservoir  into  the  Hinsdale 
lake;  that,  as  the  ice  lowered,  the  drainage  of  West  Windsor  and  North 
Hinsdale  ran  sonthwest  across  the  ice,  by  Wakonah  Brook,  into  the 
Honsatonic  Valley.  Later  the  horizontally  stratified  gravels  were  let 
down  by  the  ice  remnants  on  which  they  partly  rested  and  sank  to  such 
a  level  that  they  were  in  places  wholly,  and  in  places  only  partially, 
submerged  by  the  sands  which  were  afterwards  swept  south  throngh 
the  Hoosao  Valley  and  spread  on  the  Pittsfield- Dalton  Plain, 

HIGH  TBBBACXB  IN  BBOKBT. 

A  high  mountain  ridge  extends  northwest  from  Becket  Mountain, 
and  for  several  miles  is  flanked  by  two  great  terraces,  at  2,080  and 
2,000  feet,  which  seem  to  be  the  remnants  of  a  glacial  lake  whose 
waters  finally  drained  into  Basin  Pond  Brook,  These  terraces  can  be 
reached  by  the  blind  road  west  of  the  reservoir.  They  have  not  been 
made  the  subject  of  special  study. 

BuU.  169 7  „,, ,., ,,,  ^.OO^Ic 
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HIOH  SAMDS  AT  BNTRAHOB   TO  EAST  LEE  TAIXET. 

Standing  oa  the  hill  soath  of  Lee  and  looking  across  to  the  entrance 
of  tlie  East  Lee  Valley  one  sees  that  the  whole  broad  mouth  of  the  valley 
is  t'logged  by  exceptionally  high,  dat-topped  sands,  which  project  into 
the  valley  in  great  lobes.  They  have  been  notched  by  the  catting  for 
a  railroad  tliat  was  never  flnished,  aod,  as  usual,  have  a  cemetery  on 
their  flat  sorface.  They  represent  the  filling  of  a  temporary  lake,  held 
np  by  tbe  Berkshire  Valley  ice  and  drained  southeast  down  the  East 
Lee  Vailey. 

DEFLECTED   GLACIAL   DBAINAaB   DOWN   THE   HINSDALE,   EAST   LEE, 
AND  TTBINOHAH  TALLBTB. 

Each  of  these  long  valleys  has  been  greatly  affected  by  the  move- 
ment of  the  ice  out  of  the  Berkshire  Valley,  and  by  the  deflection  of 
the  flood  waters  during  the  meeting  of  the  ice. 

From  Hinsdale  down  tbe  Westfleld  Biver,  ftom  East  Lee  down  the 
FarmingtoD  Kiver,  and  from  Tyringham  down  the  Clam  River,  this 
inflaence  is  felt  thewhole  length  of  the  valleys  and  ont  across  tbe  Con- 
necticnt  Valley  in  Massachusetts  and  Connecticut,  Bowlders  of  blne- 
qnartz  gneiss  are  not  rare  here,  while  the  "  hardheads"  of  tbe  Cambrian 
quartzite  from  the  Hoasatonic  Valley  are  everywhere  very  common. 

MINEBAX  BEeOUBCBS. 

LIMESTONES. 

Pre-Cambrian. — The  time  has  long  past  when  the  Hinsdale  llQiestone 
was  burned  for  qaicklime.  Most  of  it  is  too  impnre  for  srcbitectoral 
purposes.  The  limestone  at  the  mouth  of  Coles  Brook,  in  which  tbe 
choDdrodite  grains  have  changed  to  pale  yellow-green  serpentine,  is 
adapted  to  ornamental  purposes,  and  the  heavy  bed,  crossed  by  the 
Hoasatonic  branch,  southwest  of  Hinsdale  is  very  pare  and  of  even 
grain,  firm  and  of  good  luster,  and  ought  to  be  considered  as  a  source 
of  marble. 

Silurian. — The  Stockbridge  limestone  or  dolomite  is  quarried  exten- 
sively for  local  nses  in  the  deep  bays  which  penetrate  tbe  Hoosac  Range 
in  Dalton  and  Tyringbam,  and  the  important  qnarriea  south  of  Lee  vil- 
lage have  furnished  large  qnantitieH  of  high-grade  marble,  from  which 
the  Washington  Monument,  the  Capitol  extension,  Girard  College,  tbe 
new  city  hall  in  Philadelphia,  and  St.  Patrick's  Cathedral  iu  New  York 
City  were  built.  It  is  a  white,  durable,  but  rather  coarse  marble,  and 
cabes  20  feet  on  a  side  can  be  furnished  from  the  quarries.  It  sastains 
tbe  highest  tests  for  crashing  strength. 
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Pre-  Cambrian. — The  coarse  gBeisses  of  the  pre-Oambrian  Beries  have 
beea  quarried  forcommoa  work,  like  bridge  bnildiug  and  aoderpiDtiing, 
bnt  have  been  ased  only  locally.    Theyrost  badly,  and  may  crumble.     - 

Cambrian, — The  couglomerate-gneisses  are  ofteu  bo  atrongly  meta- 
morphosed that  they  become  complete  granites.'  This  seems  often  to 
dei>end  on  their  proximity  to  sharp  upfoldiug  of  the  pre-Oambrian  rocks. 
The  best  quarry  is  that  of  the  Cheater  Qrauite  Oompauy,  iu  the  south- 
east corner  of  the  Beeket  qaadrangle.  This  granite  is  fiue-grained  and 
clear  gray,  a  little  too  dark  for  polished  work  but  taking  a  fine  surface 
and  famishing  large  blocks  of  even  grain  and  color,  suitable  for  the  best 
monumental  work.  A  similar  stone  has  been  mach  worked  iutheOlark 
quarry,  beside  the  railroad  west  of  Coles  Brook.  Here  the  passage  of 
the  massive  qaarry  stone  into  the  common  flaggy  gneiss  can  be  clearly 
seen.  A  promising  quarry  has  been  opened  on  N,  Alderman's  land,  in 
the  center  of  Beeket,  and  in  Otis  the  quantity  of  good  granite  is  inex- 
haustible. In  the  nonth  part  of  the  area  in  yew  Marlboro  aud  Norfolk 
a  rock  of  the  same  age  and  character  has  been  much  qnarried,  espe- 
cially on  the  east  slope  of  Ball  Moontain. 
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PLAaSTONBS. 

The  Cheshire  qoortzite  ia  meiitioiied  by  Hitchcock  as  fttmiahing  tiie 
most  perfect  fiagstooes  in  the  State.  The  best  qoarries  were  in  the 
Teat  part  ofWashington,  5  miles  southeast  of  Pittsfield.  Otber  qnar- 
ries  occnr  in  Tyringham  and  Lee.  Little  work,  hoveyer,  seems  to  be 
done  on  these  beds  nov. 

BOHRSTONES. 

Id  the  same  hill  in  Washington  in  which  the  flagstones  occdt  bnhr- 
st4>nes  were  formerly  quarried  which  sold  for  (70  to  fSO  each.  This 
industry  also  has  passed  away. 

GLASS  SAND. 

Where  the  Cheshire  qnartzite  extends  &r  ap  into  the  monntains  in 
Washington  mach  glass  sand  is  dag  and  carted  down  to  the  railroad. 
In  the  western  part  of  Washington  also  and  in  theGnlf  atDaltonmnch 
of  the  qaartzit«  Is  pure  enoagh  for  ase  in  glass  making. 
ROAD  MATERIAL. 

In  Hitchcock's  Final  Keport  on  the  Geology  of  Massaobosetts  (p.  211) 
is  perhaps  the  first  suggestion  of  a  rock  for  road  building  in  tfae  States 
The  harder  varieties  of  the  Cheshire  qnartzit^  are  thonght  to  be  well 
fitted  for  this  purpose.  It  ^1  certainly  be  the  best  local  rock  for  this 
use,  bat  the  pure  qnartzite  found  in  the  Stockbridge  limeetone  will  be 
nearly  as  good.  The  Gulf  in  Dalton,  the  country  in  Washington  aoath 
of  Sackett  Brook  and  east  of  New  Lenox,  the  western  ridge  at  FerDside 
in  Lee,  and  the  qaarry  just  north  of  the  river,  together  with  the  eieat 
bill  nearly  a  mile  east  of  Lee,  will  furnish  material  in  abundance. 

SOAPSTONE. 

A  large  amount  of  eoapstane  has  been  taken  out  at  the  quarry  beside 
the  brook  above  Wakonah  Falls  in  the  sonth  of  Windsor,  and  recently 
the  bed  has  been  opened  west  of  the  old  quarry  and  good,  soft,  slaty 
eOapstone  obtained.  Along  the  same  bed,  a  mile  southwest,  some  work 
has  been  done  on  the  hard,  green,  massive  chlorite  associated  with  ser- 
pentine. A  pale-green,  fine-grained  steatite  oconrs  in  large  amoant  as 
a  selvage  on  the  east  of  the  great  limestone  bed  cat  by  the  east  branch 
of  the  UoQsatonic  in  the  soatbeast  of  Hinsdale.  This  would  form  a 
beantifnl  rock  ibr  inside  work. 

IRON  ORES. 

The  pre-Cambrian  rocks  are  very  rusty,  especially  iu  their  upper 
strata,  and  have  everywhere  tempted  mining.  As  this  rustiness 
depends  largely  upon  the  decomposition  of  pyrite  it  is  not  a  good  indi- 
cation of  valoable  ore.  Considerable  digging  has  been  done  jnst  east 
of  Hinsdale  Center,  at  N.  Alderman's  in  Becket,  and  at  the  Hotchkisfi 
and  Cleveland  mines  at  New  Marlboro.    The  principal  ore  is  pyrrho-i 


ranasoK.]  MINERAL  RBS0UBCE8.  101 

tite.  iNothiiiff  has  been  fonod  to  jnettfy  expenditnre.  The  Cleveland 
mine  was  first  opened  as  a  gold  mine  bnt  latterly  has  been  worked  as 
a  niukel  mine. 

QRAPHITB. 

OoDBtderable  excavation  has  been  made  at  the  "lead  mine"  east  of 
Waehingtou  Statiou,  on  the  Lyman  place,  and  openiDgs  hare  been  made 
along  the  same  band  at  several  places  to  the  north  and  at  the  cream- 
ery near  Hinsdale.  O-raphite  occars  In  considerable  amount  on  Sky 
Hill  in  Tyriugham  and  across  New  Marlboro,  bat  nowhere  in  safQcient 
qauitity  for  mining. 

GOLD  AND  COAL. 

The  Cleveland  mine  iu  New  Marlboro  was  first  opened  as  a  gold 
mine.  Bcttons  of  gold  and  silver  received  from  the  ataayers  are  shown 
by  the  owners.  There  is  no  probability  that  gold  in  paying  quantity 
will  be  fonnd  within  the  limits  of  the  area  covered  by  the  map.  In 
my  notebook  are  the  printed  out  answers  to  the  qnestions  of  a  deaf  old 
man  living  in  the  south  part  of  WiDdsor,,the  sides  of  whose  house  were 
heaped  with  great  blocks  of  rock  fall  of  rotted  yellow  mica,  which  he 
fondly  believed  to  be  gold,  llie  rock  had  been  quarried  and  brought 
down  by  him  from  the  mountain  to  the  east.  I  tried  in  vain  to  per- 
saade  him  to  waste  no  more  labor  on  the  search. 

The  following  items  appeared  in  the  Springfield  Bepubltcau : 

1S9S.  Yelhw  Metal  at  Hinsdale.— Woiis  of  miniug  gold  at  the  PtimroM  farmat  Hins- 
dale will  begin  iji  the  spring,  Abbsjb  have  varied  ooiiBidersblf ,  but  all  find  gold  iu 
pAjriog  ciiiantitiaa.  Ridketand  Banks,  of  New  York,  have  made  three  fire  aaaayt);  Fro- 
feMor  Snthpben,  of  Oloveravjllu,  New  York,  baa  made  nameroiia  aasays,  tlie  laat 
being  of  Band  that  yielded  ^^6.33  pec  ton.  A  large  syndicate  in  New  York  City  is 
trying  to  bay  a  part  of  the  Primrose  farm.  The  interested  oapltaliats  live  in  Pitta- 
field.  The  Fleming  farm,  owned  by  Oeocge  Dnnckn,  of  MiddleSeld,  will  soon  pass 
into  Vhe  hands  of  a  sfndloate  of  SprioKfield  men  If  propel  terms  can  be  mode. 

Angutl  IS,  1896. — QeurgeM.  French  has  a  nnmber  of  men  excavating  on  his  "gold 
finil"  preparatory  to  the  final  examination  by  Professor  Sntbphen,  of  Albany.  De- 
spite the  contradictory  Htatements  mode  by  different  ossayers  Mr.  French  still  has 
some  hopes  and  flattering  ofTers  as  well.  The  nonieTons  assays  made  b;  reliable 
aothoritiea  do  not  agree.  While  some  find  gold  in  large  quantities,  others  Bnd  little 
or  DO  traee. 

I  have  not  visited  the  farm  since  the  new  mine  was  opened.  My 
earlier  study  of  all  the  ledges  of  the  region  had  not  led  me  to  expect 
important  gold  deposits  there.  The  following  similar  account  is  quoted 
for  the  interesting  legend  and  note  conoeming  the  custom  of  selling 
mineral  rights  in  the  hill  towns. 

Longagotfaerewas  mining  for  gold  done  in  thatwttd  region  known  as  "theOnlf," 
in  Dalton,  in  a  very  deenltory  way,  howevei,  vritbont  capital  and  with  no  tborongh- 
nesB,  and  by  those  not  expert  in  prospeoting. 

The  discoveries  at  Primrose  farm  have  stimnlated  explorations  and  isqnicy,  with 
results  that  are  sarprising  and  may  be  important  and  profitable.  We  annoonoed 
exoInalTely  last  week  Mr.  Duncan's  purchaee  of  the  Fleming  .farm,  whiob,  it  is 
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b«liev«d,  contftiuB  a  coctiauatioD  of  the  Primrow  "fisanre,"  and  the  fact  thU  for- 
eign capital  was  reailjr  tn  inveel  upon  asaay  proof  of  a  good  outlook.  Mi.  Coiey,  in 
the  town  of  Wasbinf^toii,  but  near  the  Frimroae,  baa  had  auayH  made  from  siip«T£> 
oial  rock  contaminated  or  impregnated  from  the  Primrose,  and  Snils  a  yield  of  11] 
to  the  ton.  Tbe  William  Peaae  farm,  alw  In  Washington,  has  shown  such  promiae 
that  it  has  been  leased  for  prospecting  and  mining  pnrposes  by  a  syndicate  from 
Lee— W.  H.  Oroee,  K.  Ely,  aud  Mr.  Davis,  the  latter  said  to  be  an  experienced 
mine  hunter. 

That  mineral  wealth  was  saspeoted  oi  believed  to  exist  in  t&estt  Washington  ttxtui 
is  evident  from  the  fact  that  thirty  yoan  ago  farms  were  sold  snbject  to  the  sellen' 
reserved  right  to  prospect  for  and  dig  minerals.  An  instance  of  this  ia  the  L.  A. 
HubAn  farm,  owned  by  father  and  son,  and  comprising  abont  300  acr^s.  This  farm 
adjoins  the  Pease  farm,  we  believe,  leased,  as  stated,  to  Gross,  £ly,  and  Davis,  and 
overtures  for  its  purchase  by  the  ludivldnal  or  syndicate  for  whom  Ur.  Post  is  acting 
were  made  a  good  while  since.  It  is  only  recently,  eomparatively,  that  the  i«servs- 
tion  as  to  minerals  and  mining  was  "  bought  off"  by  young  Mr.  Habon. 

There  ia  a  legend  lingering  in  the  memories  of  men  of  Iienox  and  vicinity  that,  in 
the  days  of  legend,  an  Indian,  remnant  of  a  tribe  or  a  descendant  of  some  fkmily  of 
these  wandering  original  Americans,  used  to  tell  the  white  people  aboat  a  coal  deposit 
he  knew  of  In  the  woods  of  Washington.  This  was  before  the  days  of  railroads 
and  coal  sheds,  and  when  wood  was  the  only  and  abandant  f^el.  It  is  even  related 
that  a  battle  of  "  fire  water"  was  ot&ied  as  a  teat  to  prove  the  assertions,  the  Indian 
to  have  the  drink  if  he  brought  a  pail  of  eoal  to  Iienox  Dale,  aa  he  said  he  conld. 
He  was  watched,  the  white  man  then  sa  now  intending  to  get  the  beat  of  the  Indian, 
by  discovering  his  aiwret,  bnt  he  waa  too  smart  for  tbe  watchers.  He  slipped  off  in 
the  night  and  returned  in  the  night,  bringing  tbe  pail  of  coal.  Mr.  Hnbau  believ«a 
this  coal  mine  is  on  bis  farm. 

While  he  was  plowing  In  one  of  his  Belds  last  May  he  tnmed  np  aayenl  lamps  of 
ooal;  a  piece  of  it  is  now  on  the  Bun'a  desk.  Mr.  Hnban  has  owned  the  place  aboat 
thirty  yeara,  and  there  has  been  no  anob  use  of  coal  about  tbe  farm  as  ebonld  make 
ita  presence  probable  or  even  poaaible.  He  has  done  no  prospecting,  made  no 
examinations  to  speak  of,  but  is  aatiafied  in  his  own  mind  that  there  Is  a  coal 
deposit  where  the  outcroppiiigs  were  struck  with  the  plow. 

Of  coarse  there  is  oot  the  Blightest  poseibility  of  findiog  coal  in 
Washington,  and  the  prospect  of  discovering  gold  in  paying  qnantities 
is  scarcely  better.  More  than  fifty  years  ago  President  Hitchcock  pob- 
lidUcd  in  bis  final  report  a  long  list  of  similar  legends  and  foolish 
searches  for  gold,  lu  tbe  hope  that  the  tendeacy  to  waste  money  in 
that  direction  might  be  checked  with  increase  of  knowledge.  I  do  not, 
however,  find  any  apparent  decrease  in  the  nnmber  of  *'gold  mines"  in 
the  region. 
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A  MINERAL  LEXICON  OF  EASTERN  BERKSHIRE  COUNTY, 
MASSACHUSEHS.  - 

Tbe  region  covered  by  thU  lexicon  embraces  the  tovos  of  Windsor, 
Dalton,  Hinsdale,  Becket,  Lee,  Tyringham,  Otis,  Sandisfield,  and  Nev 
Marlboro. 

An  attempt  has  been  made  to  give  a  fall  cbronological  history  of  each 
mineral,  its  geological  age  and  distribation,  and  its  mineralogical 
varieties  aud  crystalline  form.  All  sections  which  are  not  followed  by 
citations  are  by  the  author.  The  greater  portion  of  the  material 
studied  is  contained  in  the  collection  of  Mr.  DanielGlark,  of  Tyringham, 
and  where  it  is  not  otherwise  stated  it  may  be  assumed  that  the  best 
illustration  of  every  miueral  in  the  county  is  to  be  found  there. 

ALBITE. 

1891.  Albite.    2Iew  Marlboro. 

AlMBDtiFalolbiM  iug<iodcr;atalBalislf  inohloug,  showing &flne  moon- 
atone  effect  in  nnnBoally  deep  bine  on  the  face  &I  (010),  It  occnn  in  pre- 
Cunbrian  gneisB  at  the  Hotchkiis  mine,  oBoooiated  with  pyrrfaotite  and 
pyroxene.  The  cryatalii  are  limpid  and  free  Iram  inelosocei,  aa  Been 
nnder  the  microscope,  and  the  opalescence  ia  due  to  the  oleavage  on  OP 
<001).  It  extinguishea  in  plates  cut  parallel  to  M  at+ 14°  21',  and  is  thne 
an  albite. 

1895.  Albito  replaced  by  qnartz.     Tyringham  (Sodom). 

Pre-Cambrian.  See  p.'kge  52  for  a  description  and  illustration  of  this 
remarkable  pseudomorph,  which  retains  the  twin  atrlation  and  pearly 
Inster  with  great  perfection. 

ALLANITE. 

lSfi2.  aadolinite.     Beoliet. 

C.  U.  Sbepard :  Treat.  Hin.,  p.  333.  This  ia  probably  the  allanite  from 
tbe  pie-Cambriftn  gneiea. 

1876.  Allanite.    Becltet. 

C.  U.  Sbeperd :  Cat.  Htn.  within  50  miles  of  Amherat,  p.  7. 
1800.  AUanlte.     Becket.      Hinsdale.     Dalton.     Washington.     Otis. 
Tyringham.     Sandisfleld. 

Allanite  is  everywhere  found  in  scattered  cryatals  of  small  size  in  the 
Washington  (pie-Cambrian)  gneiss.  Its  small  pitch-black  crystals,  with 
dark  reddish  decomposition  I>orders  and  the  slight  pnckering  of  the  frac- 
ture in  the  incloslug  gneias  which  radiates  from  each  crystal,  are  very 
characteristio  of  the  rosty  preCambTian  gneiaaea.  The  beat  localities  are 
on  tbe  brouk  nouth  of  the  Daltou  clnbbouae  and  oppuaite  D.  Clark's  house 
in  Tyringham.  u,  i  i  ,       >^  ■>...'  .i  ^ 
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AMPHIBOLE. 

1823.  Asbestos.     Windsor  (near  OnmmiDgtoii  eoapstone  qnarry). 

AsbeHtus  adhering  to  aotiooUte. 

J.  Porter:  Hiu.  Loc.,  Am.  Joar.  Soi.,  Vol.  VII,  p.  252. 

1824.  Black  hornblende.     Washin^on. 

Well  crystallized. 

J.  Porter ;  Am.  Jour.  8ol.,  Vol.  VH,  p.  253. 
1824.  TremoUte.     'Sew  Marlboro. 

E.  Hitohcock :  QeoL  of  a  port  of  Mmb.,  Am.  Joor.  Soi.,  Vol.  Vm,  p.  36. 

1824.  TremoUte.     New  Marlboro.     Pittfifield.     Lee. 

New  Hftdboro ;  FittaBeld ;  in  dolomite,  bladed,  granolar. 

Lee ;  flbmns,  flbere  more  than  2  feet  long.  I 

C.  Dewey:  Q«ol.  Berlcehire,  Am.  Jonr.  Boi.,Vol.  Vm,p.4«,  ! 

1825.  TremoUte.     Lee. 

Above  cited. 

8.  RobioeoD;  Cat.  Am.  Hln.,  p.65. 

1S25.  TremoUte.    :New  Marlboro. 

S.  Bobinson :  Cat  Am.  Hin.,  p.  S8. 

1826.  ActinoUte. 

(The  article  under  1823,  above,  is  cited.) 

The  actinolite  la  foaud  In  the  unith  part  of  the  town  In  larg«,  elegui  ' 
cryetab,  which  are  fMoloulate,  radiate,  or  iatermiied  (J.  Porter). 
S.  Bobinaoo:  Cat.  Am.  Hln.,  p.  77. 

1826.  Hornblende.    Dal  ton. 

C.  A.  Lee:  Min.Loc,  Am.  Jour.  Soi.,  Vol.  IX, p. 48. 

1828.  Hornblende.    Dalton.    Becket 

Rock  Tar.  elate.    East  part  of  Becket,  granitic. 

Amoa  Eaton:  Oeologioal  Nomenclatare,  Am.  Jonr.  Soi.,  Vol.  XIV, p.lti- 

1832.  Hornblende.     LitchKeld  Uounty,  OoanecticaL     Slieffleld  and 
Great  BarriD^ton,  Massacbusetto. 

White  cryataU,  more  than  an  inch  long  and  three-fonrtbsof  an  inch  widt 

but  much  flattened,  aboand  throughout  the  dolomite  of  LitcfaQald  CoanQ. 

Counectiont,  particularly  at  Canaau;  tbey  are  also  found  under  similu 

eiroumatanoes  farther    north    into   the    border*   of  Mawaohaeetl*,  >i 

*        Sheffield  and  at  Great  Barriugton. 

C.  U.  Sbepard:  Treat.  Hin.,  Vol.  I,pt.2,P-3^> 
1841.  TremoUte.    Tyringtaam.     Lee. 
In  dolomite. 

E.  Hitchcock :  Final  Kept.,  tSG. 
No,  537,  Catalogue  uf  State  collection,  p.  809. 
1844.  ActinoUte.     (Augttua-proteus.)     Windsor. 

J.  D.  Dana:  Syi.  Min.,  2d  ed.,  p. 439. 
1844.  TremoUte.    {Augitus proteua.)    Lee  (eaat  part). 
Excellent  BpecimenH. 
J.  D.  Dana:  Treat.  Mln.,  2d  ed.,p.3Tl. 
1858.  TremoUte.     Becket  (southeast  part]. 

Dolomite  with  tremolite.  E.  Hltohcnck:  No.  187  nnder  limestone  in&iiii 
Ann.  Kept.  Bd.  Agrl.  Maae.,  Appendix,  p.  x.xxv.  Large  maaaoa  of  loowl; 
aggregated  and  ooarae -bladed  tremolite,  probably  t^if(  ,%9  Sftath  end  <i 
the  Colea  Brook  pre.<;ambrlBn  limestone.  '- 
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1868.  Actinolite.     Windsor.    Lee. 

Specimen  ftom  Lee  is  radiated. 

J.  D.  Dana:  Sys.  Hln.,  5th  «d.,  p.  241. 
]868.  Tramolite.     Lee  (1^  miles  soathwest  of  meetiaglioaae).. 

Idem,  5tb  ed.,  p.  241. 
1892.  Actinolite.     Windsor.     Lee. 

SpeolmeD  from  Lee  is  radiated. 

J.  D.  Dana;  Syt.  Mln.,  6tli  ed.,  p.  1060. 
1892.  Tremolite.    Lee. 

cited  ae  in  1868. 

J.  D.  Daaa:  Sys.  Uin.,  eth  ed.,  p.  .197. 

1894.  Tremolite.    Lee. 

In   Stookbriilge  limestone.     In  separate  blades   aud  in  long  radiate 
sbeavee.    The  bladed  type  was  abnndant  in  the  old  Qross  qaarry  aud 
irent  down  to  a  great  depth,  spoiling  a  large  qaantlt;  of  stone.     Speci- 
mens are  fonnd  in  every  oolleotion. 
1896.  AsbeBtos.     Lee.- 

In  Stockbridge  IlmestoDs.  As  felted  paper-asbestos  in  thlD  whitesheeta 
Beveral  Inohea  acroas  and  as  fll>TOUB  radiated  masses  near  the  Hobba  place 
in  South  Lee.     D.  Clurk  colteotion. 

1895,  Tremolite.    Tyringham  (Sodom,  below  Hop  Brook  gorge). 

In  broad,  radiate,  colnmnar  masses  as  large  as  one's  Hat,  made  tip  of  pale 
greenish  gray  needles  2  to  3  inches  long  derived  from  white  pyroxene. 
Also  in  finest  needles  shooting  through  limpid  quartz.    Pre-Cambrian. 
D.  Clark  collection. 
1895.  Tremolite.    Monterey  (Bear  Moantain). 

In  pre -Cambrian.     Straight,  flbronii,  pala-green  to  white  asbeetos  fibers 
3  to  4  inches  long.     I).  Clark  collection. 
1895.  Actinolite.     Tyringham  (Hop  Brook  gorge). 

Id  pre-Cambrlan  limestone.  Blaek  to  dork-green  aotinolita  in  matted 
blades  grown  through  orChoclase,  and  broati  parallel-bladed  masees  several 
inches  in  length,  making  very  beantifui  epecimens.  It  grows  atonnd 
wemerite  and  caasee  tbe  bending  of  the  crystals.  D.  Clark  collection. 
1895.  Hornblende.  New  Marlboro  (on  road  to  Sonthfleld,  at  deep 
excavation  by  roadside,  in  the  very  rusty  rock). 

Pre-Cambrian.  Cavities  are  filled  with  black  bomblenile  cryatala  1} 
inobee  long;  bladed,  well  terininated,  simple  forms.     D.  Clark  collection. 

1895.  Hornblende.  Monterey  (Beer  Moantain). 

Pre-Cambrian.     In  green,  massive  hornblende  rook,  fine,  stont,  blaok 

orysUlsi»P(llO),=oP56(010).«>Poo(100),  P(lll),  OP(OOl). 

1895.  Tremolite.    Tyringham  (the  Gobble). 

Fine,  radiatingencw-whita  tremolite  in  the  Btockbridge  limestone  at  the 
foot  of  the  mountain.     D.  Clark  oolleotion. 

1896.  Hornblende.    Tyringham  (the  Gobble). 

Pre-Cambrian.  Fine  Jet-black  oryetnls  in  the  garnet  biotite  rock,  with 
ilmenite  above  the  limestone.     D.  Clark  oollection. 

1896.  Actiuolitei     Beoket  (one  hundred  roda  east  of  B.  Aldermao 
and  son's  honse). 

In  the  Hinsdale  (pre-Cambrian)  limestone  in  large,  pale-green,  oompact 
masses  and  in  loosely  interwoven  aggregates  of  eoarae  blades  of  rich 
green  00)01  shading  to  brown. 
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1896.  AcUnolite.    Otis. 

The  CMUve  pM-CuDbrlBii  limetiUiiie  ftt  Otis  Centec  oonUiiii  aq  emersld- 
green  blmded  >otiii«Ut«  with  sMpoUte. 

1896.  Hornblende. 

A  black  HbronshornblendB  Is  bd  ikbimcluit  canatitaeiitof  tbelieegneiHa 
(p.  33),  and  of  the  kmpbibolitM  which  occnr  iu  th«  B«Gket  guelas. 

APATITE. 

1841.  FhoBphate  of  lime.    Hinsdale. 

In  niio»-»ohi>t.    E.  Hitchcock :  Pinkl  Bcport  of  Geol.  of  Ham.,  p.  6M. 
18U.  Apatite.    (FliieUiu  hexagontu.)    Hiusdale. 

J.  D.  Dona:  87*1.  Hiu.,  p.  238. 
1868.  Apatite.     Hinsdale. 

Sparingly.     Id«m,  &th  «d.,  p.  653. 
1892.  Apatite.     Hinsdale. 

Idem,  6th  ed.,  p.  767.     Thla  locality  can  not  bs  reooverad. 
1895.  Apatite.    Tyringham  (Sodom,  below  Hop  Brook  gorge.) 

In  pale-greon  beisgonal  prianiB  half  an  inch  long  in  white  orthoclaae, 
from  the  Hliudale  ( pro-Cam brian)  limestone.     D.  Clark  collection. 

ARAGONITE. 

1895.  Axagonite.     New  Marlboro  (road  to  Soathfleld,  at  a  deep  cat  iu 
rnsty  rock  by  roadside). 

In  pre-Cambrian  rocks,  bnt  of  late  formation.     In  Sne  tufted  maaaee  of 
yellow  oiyatalline  blades  and  needles.     D.  Clark  oollectiou. 

BARITE. 

1890.  Barite.     Becket  (east  of  Shaw  Pond). 

Bowlders  from  the  Hinsdale  (pre-Camhrlan)  limeatone,  with  galena  and 
ohalaoopfrite.    In  bladed  massee. 


It  is  remarkable  that  there  is  no  beryl  in  Berkshire. 
BIOTITB. 

1895.  Biotite.    Tyringham  (the  Cobble). 

Broad  wrinkled  sheets  of  blaok  btotlte  2  to  3  inohes  across,  probably 
pro-Cambrian,  from  Sky  Hill  above  the  Cobble.     D.  Clark  eoUeotian. 

1896.  Biotite.    TyriDgham  (Hop  Brook  gorge). 

In  pre-Cambrian  rocka.  Magnificent  crystals  were  obtained  by  Mr. 
Clark  IVom  the  rotten  zeolite  vein  in  the  limestone ;  great  perfect  crystals, 
with  polished  faces,  hexagons  6  inches  by  4{  Inches  and  3  inches  thick. 
Other  crystals  were  tapering,  3  inches  at  the  base  and  1^  inches  high. 
Very  many  other  great  crystals  were  compressed  at  the  edgeit,  often  reg- 
ularly at  all  the  edges,  into  perfect  sanoera.  The  &c««  of  the  vertical  lone 
were  often  coated  by  a  thick  layer  of  the  white,  velvety,  globnUrephsroe- 
tjlbite,  forming  specimens  of  great  beanty.  Smaller  prisms,  often  an  inch 
In  length,  grow  oat  ftom  the  larger  ones.  A  strongly  developed  parting 
often  divides  the  great  crystals  into  longprismalic  forms.  Many  crystals 
had  Mien  in  the  cavities,  where  they  formed  and  are  oemented  by  the 
aphnrostilbite.    Many  have  cbunged  to  .iefferislle,  q.  v. 
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CALOITE. 
1814.  Elastic  marble.    Fittsfield. 

"  On  taking  up  one  of  these  ntouea,  iroia  a  qnartj  near  PittsGeld,  which 
was  Jnat  prepared  for  a  ffravestona,  abont  i  feet  high  and  2  feet  wide, 
I  WHS  much  earpriaed  at  the  tremnlona  motion  which  J  peroeiTed."  It 
bent  with  the  least  presanre,  bat  recovered  itaelf  withont  the  smalleet 
change  or  otack.  Only  a  few  speoimeaa  were  elaetio.  They  weie  grayish 
white,  foliated,  granular,  and  eRervesoent. 

W.Meade:  Mineralopcal  notice  reepooUng  elastic  marble  fWim  Massa- 
ohoaette. 

A.  Bruce:  Am. Mfn.  Jour.,  Vol.1,  p. OS. 

1814.  Elastic  marble. 

A  poliabed  elab  2  feet  long  and  1  inob  tbiek,  diied  near  the  fire,  loat  ita 
elasticity,  which  woa  immediately  reatomd  by  wettiag.  Wm.  Ueadei 
letter. 

Am.  MtD.Jonr.,  Vol.1,  p.36T. 
1S32.  Xiimestone.     New  Marlboro. 

Gray,  CaC03,  98  per  cent;  reeidae,  chiefly  mica,  2  per  oeut  marble. 
Abundant;  produotlou  oited  from  Dewey.    Hill  for  sawing  in  New  Harl- 

E.  Hitehcoek:  Oeol.  Haas.,  Am.  Jour.  8oi.,  Vol.  XXII,  pp.  26, 38. 
1895.  Calcita.     Lee. 

In  Stookbridge  limestone.    la  a  tare  geode  cavity  and  perched  upon  fine 
dolomite  rhombs  (see  under  Dolomite),  ia  a  beautiful  crystal  half  an  inch 
long,  having  the  tMstta  R  (1011),  rounded  by  iW  (2131)  and  — IB  (0U2),  B 
(lOlO),  E'  {3^1),  K'  (2131). 
D.  Clark  ooUeotion.  , 

1895.  Marble.    Tyringtasm. 

Bowlders.     White  marble,  gray  banded  marble,  black  fanlted  marble. 
D.  Clark  oollection. 
1895.  Stalactite.     TyriDgham  (the  Gobble). 
In  the  Stoekbridge  limestone 
D.  Clark  coUeotion. 
1895.  Caldte.    Tyringham  (Hop  Brook). 

Pre-Cambriau ;  very  coarse  cryatalline  vein  atones,  fine  gray,  pink,  plnm 
color,  and  white;  shot  through  with  hornblende  orystals,  crusted  with 
limpid  caleite  crystals  «>  B  (lOlO),  — IB  (0112),  4B  (4011). 

CHABASITE. 

1895.  Chabaslte.    Tyringham  (Hop  Brook  gorge). 

In  pre-Cambrian limeetone.    Massive and:nrbomlK>liedtaB(10Il),  — JB 
(0112),  with  polished  &oea  6  mm.  across.    Qreen  aotisolite  is  intergrown 
with  it.    Twins;  twinning  plaae^^R.    Nearly  opaque  white. 
D.  Clark  colleetlon. 

CHALOOPTBITE. 

1890.  Cbalcopyrite.    Becket  (east  of  Shaw  Pond). 

In  bowlders  from  pre-Cambrian  limeatone  with  galena  and  barite. 

1893.  Chalcopjrrite.    Becket  (east  of  Center  Pond  on  farm  of  M.  J. 
Alderman), 

Vein  worke«l 
olte  in  homblendic  gneiaa  of  pre-Cambiian  age. 
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0HONI>BODITE. 
1811.  Avglte.    Lee. 

"Within  2  miles  of  Lm  w«  me«l  with  limeabine  which  ofton  contaiiiB  ft 
■nixtnre  of  «iigite,  SDd  this  mloeral  being  decomposed  at  the  aur&«e  yst 
pr^Jeoting  bef  ond  the  llmMtoiie  the  Thole  rook  esliibits  a  brown,  verj 
Inegnlv  aapeot." 

E.  Hitoheoek:  Fioal  Bept.,  p.  627. 

1886,  Cbondrodite.    Hinadale.    Monterey. 

Noted  »a  oocnniDg  in  limeatone  at  the  Hinsdale  ndlroad  abttion  and  Id 
bowlden  Itetween  SoDtb  Lee  and  Monteny. 
J.  D.  Dana:  Am.  Joar.  8oi.,  Vol.  XXIX,  p.  3iK 

1887.  Chondrodite.    Hinsdale.    Le& 

HiDsdaie;  in  Til]a^  (on  T&ilnwd)  and  Honthwest  of  the  rillaf^  ireat  of 
the  railroad. 

East  Lee;  on  the  high  hiU  between  the  two  valleTB  ooming  in  troia  the 
east.  In  maasee  as  large  as  one's  fist ;  also  on  the  opposite  side  of  the  TAlley 
to  the  northwest,  and  in  the  bottom  of  tbe  Talley  a  mile  east  of  East  Lee. 

J.  D.  Dana:  Am.  Joor.  Sol.,  Vol.  XXXIII,  pp.  276,  276. 
1892.  Chondrodite.     Lee. 

In  crystalline  limestone  in  East  Lse. 

J.  D.  Dana:  Sys.  Min.,  6th  ed.,  pp.  IOB9,StI, 

1895.  Chondrodite.    Becket    Hiddlefleld. 

100  rods  east  of  R.  Alderman  and  sou's  house,  in  Beoket  Center,  in  a 
Hinsdale  pro-Cambrian  llmeatose  band  6  rods  wide. 

It  occnra  in  rad  gruns,  and  is  MpeoisJly  abnndant  in  a  large  bowldcv 
,  100  rods  northeast  of  the  ledge.  Also  in  Coles  Brook,  aoroea  Beoket  and 
MiddUflel<l,  especially  at  tbe  cnt  at  the  month  of  Coles  Brook,  wheroitis 
ohsnged  to  pale-yellow  serpentine. 

1896,  Choodrodito.    Hinsdale.    Dyrinfcham.    Lee. 

Id  espeoially  large  masses,  of  dark  red  color,  partly  ehaoged  to  cUwite 
at  0.  Bill's,  by  the  roadside,  a  half  mile  north  of  Moddy  Pond,  in  Hins- 
dale, and  on  the  lUgh,  bare  hill  east  of  tbe  hot«l  at  East  Lee. 

OLINOOHLORE. 

1896.  CUnochlore.    TyriDgbam.    6reat  Barrington. 

On  Bear  Honntain,  in  matted  soalee  half  an  inch  across,  with  garnet  on 
a  fine-grained  h lot ite- gneiss  of  pre-Cambrian  age. 

OTANITE. 
1896.  Cyanite.    Becket. 

Gray  bladea,  oont^ning  email,  regular  garnets,  oentrally  filled  with  dark 
gn^oa,  and  cbaDging  to  mnsoorite.    See  PI.  I,  p.  26. 

DOLOMITE. 
1821.  Dolomite.    Lee. 

Is  fetid.     Most  of  that  called  limestone  in  the  ooonty  is  dolomite. 
0.  Dewey:  Am.  Jonr.  8ci.,  Vol.  Ill,  p.  238. 
1824.  Dolomite.    Lee.    Pittsfleld.    New  Marlboro. 

In  latter  place  contains  anglte  as  well  as  tremolite.  ,  ,q  I,- 

C.  Dewey :  GeoL  Berkahire,  Am.  Jour.  Soi.,  Vol.  VIU,  p.  Sfco 
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1835.  Dolomite.    Nev  Marlboro, 

Witb  aoglte  uid  tremolite. 

E.  Hitoboock:  Geo],  of  [Mrt  of  Hml,  Am.  Jodf.  8ci.,  Vol.  Vm,  p.  35. 

S.  BobluBou,  Cftt.  Am.  Mia.,  pp.  65,  63. 

1854.  Dolomito  with  tremolite.    Becket  (southeast  part). 

E.  Hltoboook :  Biztb  Ann.  Sept.  Haw.  Bd.  Agri.,  App«adiz,  p.  xxzv,  No. 
167. 

Contkiu  mnoh  tather  fine-bloded  tranolite;  is  probably  i^om  &  bowlder 
of  the  Stookbtidge  limMtoae. 

1876.  Dolomite.    Hinsdale.    Lee.    Lenox.    Stockbridge. 

C.  U.  Shepard ;  Cat.  Min.  foimd  within  50  milM  of  Amhent,  p.  3. 
1895.  Dolomite.    Lee. 

In  a  large  drnay  oaTity  from  the  qaany  in  the  village,  in  Stoekbridge 
limestone.  Rhombs  np  to  an  inoh  od  s  aide,  and  iii  other  cavitiee  np  to 
3  inohea.  Perfeotly  limpid,  and  with  polished  and  perfeot  ftoea,  piled 
looaely  on  each  other.  Some  of  the  rhombs  are  expanded  to  broad,  flat 
plates.  In  others  ore  phantom  oryatala,  containing'  eocentrio,  smoky 
kernels;  that  is,  od  a  smoky  translaoeot  rhomb,  half  an  inch  across,  la  a 
rsgnlar  transparent  increment  two-sUteenths  to  three-sixteenths  Inch 
thick,  which  is  applied  only  to  the  three  tUioa  a^Jaoent  to  a  lateral  solid 
angle.  A  oompl^  thombohedral  oryatai  of  oalcite  half  an  inch  long  (see 
under  Caicite)  ia  perohed  npon  one  of  the  rhunbe,  making  a  oabinet 
apeoimen  of  rare  beanty. 

D,  Clark  collection. 

EPIDOTE. 
1825.  Epidote.     Windaor. 

In  prismatic  crystals  in  qnarti,  also  grannlar  in  homhleade  rooks  (H. 
M.  Wells). 
8.  Robinson:  Cat.  Am.  Hin.,  p.  77. 

1825.  Epidote.    Dalton. 

C.  A.  Lee:  Hin.  Loo.,  Am.  Jonr.  6oi.,  Tol.  IX,  p.  43. 

1841.  Epidote.    Hinsdale. 
In  mloa-sohisb 
£.  Hitchoook:  Final  Bept.,  p.  606. 

1895.  Epidote. 

Bpidot«  Is  eTerywhere  a  oharaoteristio  constitnent  of  the  Hinsdale 
gneiss,  bnt  it  rarely  oconrs  in  anffloient  quantities  kdA  depth  of  color  to 
form  oabinet  ipeotmens.  The  best  place  to  find  it  In  any  quantity  Is  in 
tlie  river,  ttehlnd  the  stone  mill  In  Dalton, 

FIBEOLITE. 

1824.  FibroUte?    Becket  (Becket). 

Hinnte  fibers,  dark,  hard,  infliaible,  rare. 

C.  Dewey :  Oeol.  BerksIiirB,  Am.  Jonr.  Bel.,  Tol.  VIII,  p.  40. 

1826.  Fibrolite. 

Cited  in  Robinaon'a  Catalogne.     (I  have  fonnd  no  flbrollte  In  Beoket.) 

1892.  Fibrolite.    Norfolk,  Connecticut. 

On  Tobey  Hill  and  in  bowlders  to  the  south,  nodnlea  of  feldspar  and 
qnartz  more  or  less  changed  to  moscorite  and  flhroUte.  Thin  section 
deaoribed  mica  arrwiged  in  twinning  planee  of  feldspar. 

Wm.H.Hobba:  Pseadomorpha  after fUdspar,  Am. Geologist, VoL X, p.  16. 
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1895.  Fibrollto.    Otis.    Saudisfleld. 

Commencing  with  PUIej  Hoantain  in  Otis,  flbrolite  b«ooin««  gnAiuJlj 
m  Important  «oiu(ltiMDt  of  tbe  pro-Camhriau  gneiM  acroM  SkndisllAld 
»nd  ioUi  CoDD«ottcDt. 

1897.  FibroUte.    Sew  Marlboro.    Norfolk,  OooDeoticat 

The  nodular  ^efw  that  aztenda  from  Campbell  Fall*  in  New  H«Tlbon> 
to  Norfolk  Center  ooatains  abondaot  fibrolite  in  the  mnaoOTite  nodnlea. 

GADOLINITE. 

1862.  OfldoUnlto.     Becket. 

C.U.&hapard:  Treat. Hia., p. 253. 
SeeAllanite. 

GALENA. 

1896.  a«lana.    Becket  (east  of  Sbav  Pond). 

In  bowldata  fh>m  pre-Cambrian  Umeetone,  with  Itante  and  ohaloopy- 
rite. 

OABNET. 

1858.  Pyrop«.    Saodiafield. 

E.Hitohcook:  Cat.  State  Coll.,  Haw.  A«ri.  Kept.,  p.  S2,  No.  ISl.  (laa 
common  iron  garnet  In  Tyringham  gneiss.) 

1895.  Ctamat    Tyringham  (pastare  of  Biverside  Farm). 

In  white  mica-achist  of  Cambrian  age,  fbrma  <»  O  (110),  302  (112),  rich 
red-brown.  Also  on  the  Cobble  in  deep  red  crjetah  an  inch  acroaa  in 
blotite. 

D.  Clark  ooUectian. 

1895.  Oflmet.     Hoaterey  (6ear  Mountain). 

In  coane,  white,  ehinlng  h^dromioa-sohiBt.  Bed  orjstalB  nearly  tlii«6- 
fonrthe  inch  aoroaa  cd  P  (110). 

QEAPHITE. 

1823.  araphits.    Hinsdale. 

J.  Porter;  Am.  Jour.  3cl.,  Vol.  YI,  p.248. 

1824.  Oraphite.    Hlaadale. 

Foliated  and  granular  with  augl  te,  nearly  slaty,  in  oonaiderable  qnantity. 
C.  Dewey ;  Qeol.  western  Masa.,  Am.  Jonr.  8oi.,  Vol.  VIII,  p,  64. 

1824.  Oraphita  (black  laad).     Hinadale. 

With  augite,  fuU^ited  and  maealve. 

C.  Dewe; :  Hist.  Berkshire  Countf,  p.  197. 

1825.  Graphite. 

S.  BobiDMm:  Cat.  Am.  Hin.,  p.S4. 
1825,  Oraphite.    New  Marlboro. 
In  great  abundance. 
C.  A.  Lee :  Min.  Loc.,  Am.  Jonr.  Sci.,  Vol.  IX,  p.  43. 

1825.  Cfaraphite.    New  Marlboro. 

E.  Hitebcock :  Oeol.  of  part  uf  Mass.,  Am.  Jour.  Sot.,  Vol.  VIII,  p.  64. 
1825.  Graphite. 

Above  cited.    8.  Roblusou:  Cat.Ani.  Hiii.,p.63.  --.>->.'^.,i^ 
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1832.  Oraphite.     Hinsdale. 

E.  Hilclicock :  Geol.  Mub.,  Am.  Jour.  Sci.,  Vol.  XXII,  p.  4T. 

1833.  Gkaphlte.    Hinsdale.    New  Marlboro. 

E.  Hitohoock :  Kept.  Geol.  HaM.,  p.  396. 

1841.  Graphite.  New  Marlboro.  Hinsdale.  WasbiofftoD  (I  tnile  north- 
east of  deep  cut  at  sommit  level — Lyman'B  opening). 

E. Hitchcock:  Fioftl  Rept.,p.240. 
1844.  Graphite  {Plumbago  eeriptoria),    Washington. 

J.D.Duia:  8yB.Min.,ad  ed.,p.5Sg. 
1868.  Graphite. 

Idom,  Cth  ed.,  p.  770. 

1892.  Graphite. 

Idem,6tbod.,p.l060. 

1895.  Graphite.    Monterey  (Bear  Moantain). 

Id  pT«.CainbriKn  rook.  Id  luge  qwwm  on  top  of  Sky  Hill,  with  troDio- 
lit«  In  blne-qnartz  gneiaa. 

D.  Clark  collection. 
1897.  Graphite.     Hinsdale. 

The  mineral  i«  everywhere  cbaracteriatlo  of  the  pre-Cambritui  Rneiw, 
and  openings  for  miiiiDg  hare  heen  made  at  three  plnces  in  the  town  near 
the  creamery,  east  of  the  center;  near  A.  Wulkin'ii  bonse,  la  coarse  salite 
rock;  and  in  an  exteaaive  opening  at  the  mine  on  the  Lyman  place  abore 
Hnddy  Pond,  east  of  Washington  Station. 

HEMATITE. 

1890.  Hematite.     Hinsdale. 

In  masses  of  imperfect  flat  cryatale  associated  with  fine  qnartE  crystals, 

Hin.  Coll.  of  B.  B.  Underbill,  Haltock  Hills,  N.  Y.    Presented  to  Am- 
herst College,  1888. 
1895.  Micaceons  iron.     Dalton. 

In  Cambrian  qnartzlte.    An  aggregate  of  warped  plates  in  white  qnarti. 

D.  Clark  collection. 

HEULAKDITE. 
189S.  Henlandite.    Tyringbam  (Hop  Brook). 

Crystals  1  mm.  long,  implanted  on  hornblende  and  showing  the  faces 
nP^  (010),  —3  Ttao  (201),  OP  (001).     D.  Clark  collection. 

ILMENITE. 

1895.  nmenita.    Tyringbam  (the  Cobble). 

Abundant  in  broad  plates  an  inch  square  in  a  qnarts  vein  in  a  biotite 
garnet  rock ;  also  in  other  quartz  veins  2  inches  sqnare  one-fonrth  inch 
thick,  in  twisted  plates;  also  in  a  mass  tronx  the  drift,  part  of  a  large 
erystal  1  inch  thick  and  4  Inches  square. 

D.  Clark  oollect^OD. 
1897.  nmenite.     Dalton  (Day  MouDtain). 

Id  a  lens  of  coarse  grannlar  orthoolase  In  a  mneoovite-gneiss  tnil  of 
needles  of  black  toarmaline.  It  ocoars  in  broad  curved  lamellis  half  an 
Ineh  thick.    OoUected  by  Hr.  B.  F.  Newell,  of  Dalton. ,  ,         ^.^....qIc 
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JEFFEBISITE. 

1896.  JeflbriBfta.    Tyringham  (Hop  Brook  gorge). 

Th«  grokt  cr;ataU  of  bl»ok  biotite  »t  times  cbimge  to  k  pslA-ynllow 
J«fferiait«. 
D.  Cluk  ooUeotiOD. 

LAUMONTITE. 

1896.  Xiaamonttte.    Tyringham  (Hop  Brook). 

Whit*  sqakte  prlanu,  20  mm.  long,  3  mm.  aorMa,  and  tronckted  b;  tha 
DBiikl  obliqae  fftce.     Abundant,  bnt  ohonging  DBSily. 
D.  Clark  oolleotion. 

LIMONITB. 
1S22.  Compact  brown  oxide  of  iron.    Dalton. 

InoroBtiog  rocka. 
P.  Cleaveland:  Mia.,  p.  607. 
1821.  FibrooB  brown  hematite.     Uinsdale  (Bonthwest  of  town  and  4 
miles  from  Pittsfield). 
Cemeot  of  oonglomerate,  often  baif  an  iuob  thick. 
C.  Dewey :  Geo),  western  Mkm.,  Am.  Jonr.  S«i.,  Vol.  VIII,  p.  18. 

1825.  Fibrous  brown  hematite. 

Above  cited. 

8. Robinson:  Cat.Am. Hlu., p.M. 

1825.  Limonite. 

Article  cited  nnder  1822. 
S.Bobinson;  Cat.  Am.  Hin.,  p.  47. 

1825.  Iron,  compact  brown  oxide.    Pittsfield. 

Breccia,  with  cement  of  brown  oxide,  hematite,  snd  earbnret  of  iton, 
Interatioeu  lined  with  minute  quartz  crystals. 

C.A.  Lee;  Min.  Loc,  Am.  Jour.Sci.,  Vol.IS,p.*3. 

The  origin  of  these  limonites  oementing  the  Cambtiun  breooias  ia  givrn 
on  page  SO. 
1828.  Hematite.     Dalton  (3  miles  sooth  of  village). 

A.  Eaton :  Geol.  NomeDclatnre,  Am.  Jonr.  Sci.,  Vol.  XIV,  p.  160. 
1830.  Hematite.     Dalton  (3  miles  south  of  village). 

A.  Eaton:  Geological  Text  Book,  p. 34. 
1832.  Limonite.     Hinsdale. 

At  Hinsdale  the  flbrous  variety  occun  as  a  cement  to  «  ft«gi>ifliituT 
qnartz  rock. 

C.  U.  Shepsrd :  Treat  Min.,  Vol.  II,  pfe  1,  p.  IB. 
1838.  Hematite  iron  ore  (limonite).     Tyringham. 

Several  hantlred  tons  dug  in  south  part  of  the  town. 

E.Hitchcock:  Econ.Geol.,p.l2e. 
1841.  Brown  hematite.     Tyringham. 

Seveial  hundred  tons  ssiid  to  havu  been  dog  in  the  south  ptrt  of  Ui« 
town.     Indications  of  extensive  beds. 

E.Hitcbaock:  Final  Rept.,  p.  197.  j 

1844.  Bro'wn  iron  ore  {Siderus  hamaiicva).    Hinsdale. 

Cement  in  qnartz  rook.  . 

J.  D.  Dana:  Sys.  Min.,  2d  eil.,  p. 448.         u, ,  ,_,  .,  ,  ^.OO^jle 
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1852.  Llmonlto.    Hmsdfile. 

At  Hinsdale  the  fibrons  variety  o<ionn  as  a  oemeot  to  a  ftagmentar; 
qnartz  reck. 

C.  U.  Shep&id:  Treat  Hin.,  p.27T. 
1868.  Eiimonlte. 

Idem,  6th  ed.,  p.  173. 

1892.  Llmonito. 

Idem,  6th  ed.,  p.  1059. 
Cited  only  in  locality  list. 

MAGNETITE. 

1825.  Magnetic  oxide  of  iron.    Windsor. 

In  octohedra  (J.  Farter). 

S.  ItobiuHon:  Cat.  Am.  MId.,  p.  TT. 
1841.  Magnetic  oxide.    Tyringtaam. 

Veto  i  inches  wide  in  qnartz  rock  on  Bear  Monataln,  near  the  road  to 
Beartotru. 

E.  Hitohoock:  t'inal  Kept.,  p.  IM. 
1895.  Magnetite.    Tyringbam  [the  Gobble). 

In  while  Camhrian  gnelae,  in  impeTfect  crystalu  an  inch  aoroee. 

D.  Clark  collection. 

MBLANTBRITE. 

1824.  Snlphate  of  iron.    T;Tiiighaiii. 

In  looHO  Rarth  near  Shaker  Village. 

C.  Dewey:  Hiat.  Berkshire  County,  p.  IM. 

MICHOCLIHB. 

1895.  MlcrocUae.    Tyringbam  {sontb  side  of  Hop  Brook  Yalle?), 

Large  cleavage  pieces  of  fleah  color,  with  liueperthillc  banding  of  albite. 

D.  Clark  collection. 

MUSCOVITE. 
1822.  Mica.    Hinsdale. 

It  occurs  green  <  J.  Port«r). 

P.  Cleaveland!  Min.,  Vol.  II.,  p.  T77. 
1822.  Prismatic  mica.    Hinsdale. 

On  the  ed;;es  of  common  mica. 

C.  Dewej' :  Am.  Jonr.  Set.,  Vol.  V.,  p.  399. 

1825.  Prismatic  mica. 

Above  cited. 

8.  Robinson :  Cat.  Am.  Hin.,  p.  53. 

1896.  Miiscovlte.    Tyringbam  (the  Cobble). 

In  good  crystals . 

D.  Clark  collection. 

NATRON. 

1824.  Carbonate  of  soda.    Pittsfleld  (in  springs). 

C.Dewey:  Geol. of  part  of  Mass., Am.  Jonr. 8oi.,VoL  XIV,p.S8. 

1826.  Carbonate  of  soda. 

Above  cited. 

S.Kobinsou:  Cat.  Am.Min.,  p.66.  ,  ,,   it,.  CtOOqIc 

Bull.  159 8  '  ^ 
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OLIOOOLASE. 

1895.  OUgoclaoe.    Monterey  (Bear  Hoantain), 

starting  ftttm  m  point  eaat  of  Fsnuide  Mid  going  Matb  half  •  mils  op 
the  aide  of  Sky  Hill.  The  ciyatale  oceor  in  a  grseu,  massive  hombleDde 
rock.  They  are  an  iaoh  long,  of  onbioal  habit  and  d^rk  deah  color,  »ad 
•how  the  &cM<oP<ic  (010),  m'PClIO),  ooP'(llO),  oeP'3(130),  ao'I^lSO), 
P,(TIO),  P(Ill),  a,Pc6{301),  1,P*{201),  Pai{101),  2P,{ZiI).  They  show 
a  fine  Btriation  over  alt  the  faoea  in  the  zone  of  b ;  there  1b  a  b«aatifal  bine 
playof  color  onaoPoi',  like  FriedrioksT&rn  oligoolaee. 

OETHO0LA8E. 
1832.  FeldBpwr.    Mtddlefleld.    Becket 

The  orystala  are  often  deeply  embedded  in  oalcaMons  spar. 

C.  U.  Bhepard:  Treat.  Miu.,  Vol. I,  pt. 2, p. 203. 

1895.  Orthodase.  Becket  (IIH)  rods  east  of  R.  Alderman  aod  son's). 
In  pre-Cambrlan  llnieitone.  In  stoat  opatine-whita  crystals  up  to  an 
inch  long,  some  elongate  in  the  direction  of  the  prism  and  terminated  by 
O  (001)  and  Ps  (101),  and  some  having  O  (001)  and  x  Pao  (010),  forming  a 
sqnare  prism  terminated  by  «P<110)  and  Pda<l01).  Shows  a  fine  bine 
opalescence.  The  same  property  appears  in  the  feldspar  of  the  coarse 
granitoid  rock  adjoining  the  limestone  at  the  Coles  Brook  ontting. 

1895.  Orthoclasa.    Tyringham  (John  Wintbrop  paatnre,  soath  side 
apper  TyriDgham  Valley). 

E^m  the  pre-Cambrian.  A.  white  orthoolaee,  in  good  crystals  of  simple 
form  with  pyroxene. 

D.  Clark  collection. 

1895.  Orthodase,  vox.  loxoclasa.  Tyringbam  (one-foorth  mile  south- 
veat  of  D.  Clark's). 

In  red-brown  forms,  resembling  those  from  Hammond,  N'ew  York.    Pre- 
Cambrian,  associated  with  pyroiene. 
D.  Clark  colleotion. 

1895.  OrthoelaBe.    Tyrtiigbam  (Hop  Brook  gorge). 

In  pre-Cambrian  rooks.     Greatly  etched  crystals  in  ohsaterlite  form. 
D.  Clark  collection. 

1S95.  Orthodase.    Tyringham  (Sodom,  foot  of  Long  Motmtaia  and 
Hop  Brook  gorge). 

Dmay  snrfacu  of  small  orystaU,  often  with  limpid  eods  and  roonded 
faces,  also  in  opaqfle,  weU-formed  crystals  aj  P  (110),  OP  (001),  Poo  (iOl), 
2  Pda  (iiOI).  Bhows  One  bine  opalescence.  Is  associated  with  black, 
bladed  hornblende  in  Hop  Brook,  and  with  white  pyroxene  and  trMnoIite 
at  the  other  localities,  and  is  often  full  of  sqnare  cavities,  from  which 
weruerite  crystals  hare  t>een  temored.    Pre-Cambrian. 

D.  Clark  ooUection. 

1895.  Orthoclasa.    TSew  Marlboro  (road  to  Soatfafleld,  at  digging  in 
rnsty  rock  by  roadside). 

Pre-Cambrian.  Many  floe  crystals  an  inch  long,  of  simple  Exterior  forms 
ooP(llO),  QoPdb  (OlO),  Poo  (lOI),  2Poo  (201),  »)  PJ  (210),  P  (ill);  fine 
bine  opalescenoe;  color,  opaqna-white.  . 
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OPAL. 
1825.  OpEd,  hyalite,  cacholong,  silicaoiis  sinter.    Dalton. 

In  nmaoM  of  hornstone. 

C.  A. Lee:  Miu.  Loc,  Am.  Jonr.  Soi.,  Vol. IX,  p. 43. 
1890.  OpaL    Sheffield. 

Coramon  oj»l. 

O.  P.  Knnz :  Gema  and  Preoioos  Stones  of  the  United  States. 

PHLOGOPITE. 

1896.  Phlogopite.    TynDgbam  (Hop  Brook*. 

In  many  sm&U  oryBtatls  in  wemerite.    In  pre-Cunbriui  limestone. 

D.  CUik  collection. 

FTBTTB. 

1824.  Pyrite.    Lee. 

In  oompAct  mneaea. 

C.  Dewey:  G«ol.  Barkahire,  Am.  Jonr.  Bci.,  Vol.  VIII,  p.  66. 

1825.  Pyiite. 

Above  cited. 

8.  Robinson:  Cat.  Am.  Hin.,  p.  50. 
1895.  Fyrita.    Tyriogham. 

One-fourth  mile  eontbwetl  of  Hr.  D.  Clark'e  hoiue,  at  the  head  of  the 
TyriDfjhaiu  Valley.  In  rein  qnaitz  of  pre-Cambiian  age.  In  One  crys- 
tals one-fonrth  Inch   across,  superfioially  changed  to  limonite  O   (111), 

['%"]<.  mo>. 

D.  Clark  collection. 

Also  in  bowlders  in  village  60  rods  west  of  jiost-offlce  perfect  crystals 
ohangiug  to  limonite  in  a  qnartz  rook  full  of  dolomite,  3  to  3  mm,  long 

odOoo  (001),     -g"    "  <^"*)-    ^"°  ^*  Sodom,  below  Hop  Brook  gorge,  in 
finely  polishad  crystals  1  to  15  mm.  across  changed  to  limonite, 
D.  Clark  collection. 

PTROLUSITB. 
1825.  Manganese.    Pittafield. 

The  compact  brown  oxide,  in  considerable  quantities. 

C.  A.  Lee:  Min.  Loc,  Am.  Jonr.  Soi.,  Vol.  IX,  p.  42. 

1895.  Dendrite.    Tyringham  (in  gorge  above  Biverside  farm). 

Beantifnl  forms  in  Cambrian  qnartsite.  A*  they  are  in  the  red  and  black 
oolors,  they  are  in  large  part  iron  oxides. 

D.  C1$irl[  collection. 

1895.  Pyrolnsite.    Mooterey  (near  Bidwell  place). 

Wavy  plomose  forms  in  yellow  jaaper. 
D.  Clark  eollection. 

1896.  Dendrite.    Dalton. 

Bowlder  in  white  Cheshire  qnartsite. 

PTEOXENE. 

18?4.  Anclte.    New  Marlboro. 

Bongh  white  crystals  in  limestone  (donbtlees  white  pyroxene). 

C.  Dewey:  Hiat. Berkshire, p.  IM. 

(Manifest  misprint  for  angite.)  u,.,       n,  >^.00QIC 


llfi  GEOLOGY  OF  EASTERN  BERKSHIRE  COUNTY,  MASS.      [ain^lM. 

1824.  Augite.     Hinsilale. 
With  graphite. 
C.  Dewey.  Hint.  BerkHhire,  p.  197. 

1824.  Augite.    Nev  Marlboro.    Hinsdale. 

New  Marlboro;  white  foar,MX,aiideight-sid6dprlniu.    RioBdala;  with 
plnmbogo,  graeniBli  gnty,  bnrtni,  yellowish,  In  oryatalliiie  forma. 
C.  Dewey :  Oool.  Berksfaira,  Am.  Jour.  Soi.,  VoL  YUI,  p.  47. 

1824.  Augite.    Hinsdale. 

With  graphite,  as  at  Tioonderoga. 

C.  Dewey :  Geol.  weatem  Hau.,  Am.  Joar.  Soi.,  Vol.  VllI,  p.  48. 
1826.  Augite. 

Same  citad, 

8.  Robioaon:  Cat.  Ani.HlD.,p.54. 

1826.  Augite.    Pittsfield.    Daltou.    New  Marlboro. 
PriDcipally  masaiTe. 
C.  A.  Lee:  Mln. Loo.,  Am.  Jonr. Sci.,  Vol.  IX,  p. 43. 

1825.  Augite.    Kew  Marlboro 

E.  Hitchcock ;  Geol.  part  of  Maaa.,  Am.  Jour.  Soi.,  Vol.  VIII,  p.  55. 
1825.  Anglte. 

Above  cited. 

8.  Robinioii:  Cat.  Am.  Mln.,  p.  63. 
1841.  Angite.     New  Marlboro.    Tyringham. 

New  Marlboro;  groen  anglte  in  dolomite.  Tyriaghun;  white  sngite  ie 
dolomite. 

No.  236  Catalogne,  p.  609. 

B.  Hitchoock:  Final  Rept..  p.  569. 

1844.  Pyroxene.     {Augitm  diatommi.]    Tyringham. 
cited  only  under  localities. 
J.D.Dsna:  Sys.  Uin.,2d  ed.,  p.  B39, 

1862.  ScapoUte. 

The  coDaanita  of  Hitchcock  (ftonl  Canaan,  Conn.),  which  Ja  an  exoeed- 
Ingly  tongh,  compact,  grayiah  white  mineral,  and  coutaiiia  all.  63.3G,  perox. 
iron  4.09,  alnm  10.38,  lime  25.60,  mag.  1.62,  carb.  acid  1.0  (99.67) 

C.  U.  Shepard ;  Treat.  Mln.,  p.  176. 

1852,  Scapolite.     (Oanaauite.)    Canaan,  Oonu. 

SiO,  g3.36,  FeO  4.09,  AliO.  10.36,  CaO  25.60,  HgO  1.62,  CO^  4, 99.67. 

Analysis  by  8.  L.  Dana. 

C.  U.  Shepard :  Treat  Hin.,  p.  178. 

1868.  Psrroxene. 

J.D.Dana:  Sys.  Mln.,5Ched.,p.770. 
1886.  Pyroxene.    Tyringhano. 

A  white,  compact,  fibrous  pyroxene  &om  Tyringham  madea  corioni  whi  t  r 
cat'a  eye. 
G.  F.  Knnz :  Prsciona  etonea,  Mineral  Resources  V.  8. 1883-84,  p.  728. 

1892.  Pyroxene. 

J.  D.  Dana :  Sys.  Mln.,  6th  ed.,  p.  1059. 
1895.  Sallte.    Tyringham  (on  the  sooth  Hide  of  the  valley,  a  half  mile 
above  Clark's). 

Large  jiriams  ot'pale  sallte,  coated,  and  their  interspaccBKlled  with  pale- 
green  autinolite,  on  which  are  stont,  onrloiuquar^crytt4lji,,'iflu9^iuclQdP 
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afitinolite.    They  (the  qaortz  cryatalH)  have  wavy  and  roanded  faces,  and 
teminate  by  two  or  throe  pyramids. 
D.  Clark  colleetion. 

1895.  Fyrozene.    Tyriup;ham  (D.  Olark  farm). 

Bowlilers  uf  Stockbridge  limeBtone.  The  man  contained  in  great  nnm- 
bers  doubly  b'rinitiated  cryatala  of  white  pyioieuu  uniformly  I  inch  long, 
half  au  iuch  wide,  and  considerably  flattened  by  tbe  great  development 
of  the  orthoplnoooid.  It  hae  tbe  forma  <»Pm  (100),  «P  (110>,  +  P 
(m),-P  (III). 

D.  Clark  collection. 

1896.  Pyroxene.    Lee  (Upper  GU>ose  Pond, near  Elwells  Bocks). 

Pale-^rreen  pyroxene  in  atout  crystols  with  perfect  basal  parting,  1 
inch  long,  three-foarths  inch  across. 

1895,  Fyroxana.    New  Marlboro  (road  to  Soathfleld,  in  deep  digging 
in  rusty  rock  by  roadside). 

Pre-Cambriau.    Qreen  ciystala  on  inch  square,  much  cracked  and  corroded. 
D.  Clark  cullection. 

1895.  Pyroxene  changing  into  hornblende.   Tyriiigham  (foot  of  Long 
MoDDtaiu). 

Pre-Cambrtan.  Coarse  aqnare  prisms  an  inch  aoroae  and  2  to  3  inches 
long,  of  palB-gr«en  pyroxene,  project  ontwardly  fhiii)  the  limestone,  and 
green  bladed  aolinollte  grows  from  it  so  m  to  spoil  the  sur&ces  of  the 
pyroxene. 

D.  Clark  collection. 
1895.  Pjrroxene  pOBBing  into  tremolite.    Tyringhani  (a  half  mile 
sontheast  of  D.  Clark's). 

Pre  Cambrian.  In  the  same  way  as  above  described  the  whitish  green 
pyroxene  prisms  appear  bore  corroded  and  separated  into  distinct  cnbical 
blocks,  which  are  much  displaced,  and  ont  from  the  whole  surface  of  the 
prism  grew  groups  of  radiate  sheaf-like  masses  of  tremolite,  with  needles 
oft«n  bent.  A  secondary  green  pyroxene,  having  a  broad  OP  (001)  foce 
with— P  (111)  and  a  second  prism,  ia  also  developed  at  this  locality. 

D.  Clark  collection. 

1895,  Pyroxene.    Tyriiigham  (Hop  Brook  gorge). 

Pre- Cumbrian,  Deep  emerald-green  transparent  prisms,  with  perfect 
basal  parting  and  poor  prismatic  eleovage.  Many  twins,  twinning  par- 
allel to  so  Poo  (100)  and  Teaching  4  inches  in  length.  Other  crystals  are 
blackish  green  and  pale  green.    Tbe  following  comblnatiuns  occur; 

oeP  (110),~P»  (101),  OP  (001). 

ooP  (UO),  — Pd6  (101),  OP  (001),  Pa (101). 

ooP(llO),  — P*  (101),  Pi)  (i01),  +  P  (111),  — P(IlI),  3  P  (221),  OP 
(001). 

Minote,  long,  square  prisms  oooar  in  greasy  wemerlto.  Other  crystals 
occur  with  the  Stat  combination  above ;  stout  crystals  an  inch  broad  and 

3  iDc}ies  long,  deep  green,  with  dall  etched  surface. 
D.  Clark  colleotiou. 

1895.    Sallte.    TyriDgham  (Sodom,  below  Hop  Brook  gorge). 

The  flneat  aalite  prisms  of  dull  white  color  and  an  inch  across  and  2  to 

4  inches  long.  The  base  oocnra  implanted  in  black,  white,  and  pink  quartz, 
distantly  or  thickly  acattet«d.  They  ahov  the  perfect  basal  parting. 
Often  the  prisma  have  been  dissolved  and  the  etched  fragmenta  some- 
times remain  in  the  Si^iiare  cavities  in  the  black  quartz,  and  blades  of 
white  tremolite  tapestry  the  walls   :ls  if  they  had  been  formed  from 
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the  diiaolred  pTTOzeno.  Tho  pTioxeiM  had  often  b««n  broken  and  rec«- 
nient«d  by  quarts,  ao  that  the  cavities  had  cr«M  partltiona  of  qnarti 
like  the  tabahe  of  a  ragoae  coral,  rheae  qnartz  nuuaea,  trom  wbtcb  the 
pjroioae  has  diaappeared,  were  called  hj  the  early  geologiata  mortiaed 
rack  Bud  thnnght  to  be  the  work  of  IndiaiiB.  In  the  gorge  itself  occur 
■tout  columnar  niBBaes  of  oryitals  an  inch  across,  whioh  are  as  lai^  as 
one's  list.  The  quartz  ia  pseadomorpb  after  albite.  See  Pla.  II,  III,  p.  52. 
D.  Clark  collection. 
1895.  Salite.    OtisCeoter. 

Bowlder.  CoatMly  etoaving,  with  clearage  anrfiuea  aeTaral  inches 
across ;  pale-gresD  to  white  color. 

1895.  Pjrroxene.    Becket  (100  rods  east  of  B,  Aldermau'B). 

In  pie-CambrlMi  limestone  in  large  maaMS  of  pale-green.  maasiTc^ceane 
pyroxene  rook  aud  In  loose  aggregates  of  atont  eight-aided  prisma  with 
strong  prismatic  and  basal  cleavage. 

1896.  Angite.    Nev  Marlboro  (Cleveland  mine}. 

W.  H.  Hobbs  describee  and  flgaree  a  light-green  hornblende  which  is 
sarronuded  and  intergrown  by  a  colorless  pyroxene  ("angit«''),  the  two 
being  orientated.    Science,  Vol.  XX,  p.  516. 

PTBRHOTITE. 

1895.  Pyrrhotite  in  erjrstala    New  Marlboro  (Hotchbias  and  Cleve- 

land mineB). 

Hotchkiss  mine;  often  an  inch  long;  taperlug  hexagonal  priama  with 
basal  planes.     Hatilve  at  the  Cleveland  mine. 

1896.  Pyrrbotite.    Becket  (M.  J.  Alderman's  place). 

In  large  masses  from  pre-Cambrian  limestone. 

1897.  P3rxrhotite.    Ualton  (limestone  locality  on  brook  south  of  clab- 

hoQse  on  Day  MoaotaiD). 
Collected  by  8.  F.  Newell. 

QUABTZ. 

1822.  Gnnnlar  qnartL    Hinsdale, 

It  is  said  to  occur  in  large  friable  maasea,  snow  white  and  mnoh  rvaem- 
bling  sugar.    It  may  prore  important  in  the  manufacture  of  glass  and 

P.  Cleaveland :  Min.,  Vol.  I,  339.     Bafers  to  great  bowlders  of  Cheshire 
qnartzite.    Cited  1826  by  S.  Kobinson:  Cat.  Am. Min.,  p.  63. 
1824.  Qnartt.     Lenox.     Lee.     Hindsdale.    Pittsfield.    Washington. 

Flattened  terminated  prisms;  in  quarry  at  Lenox. 

Granular  or  as  sand;  everywhere.  Yellow  and  red;  Pittsfield,  a  oonsid- 
erable  rock  composed  almost  entirely  of  small  crystals.  Chalcedony,  yel- 
lowish hornstone,  cacholong,  and  opal;  Binadala,  Buhratone;  Wash- 
ington. 

C.  Dewey :  Geol.  Berkshire,  Am.  Jour.  Bel.,  Vol.  VIII,p.  ;S8.     Cited  1835 
by  8.  Bobinson:  Cat.  Am.  Miu.,  p.  55. 
1824.  Blue  qnaita,  fstid  quarts,  honiBtone.    Lenox.    Pittsfield. 

Fermginous  qoartt,  massive  and  well  cryetalliEed,  Jjonox.  Uomstone 
jaspHT,  cetier:iI1y  KTny  anil  bine,  I'ittslleld. 

J.  Porter:  Miu.  Loo.,  Am.  .lour.  Soi.,  Vol,  VII,  p.  253. 

1824.  Cacholong^  hornstone,  chalcedony.    Hinsdale. 

C.  Dewey:  Geol.  westoru  Jlass.,  Am.  .luur.  Sci.,  Vol.  VIII,  p.  39. 
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1825.  Cacholong. 

Before  cited. 

8.  Robinson:  Cftt.  Am.  MId.,  p.  61. 

1825.  Yellow  femginoiu  qnaxtx.    Dalton. 

Crystallized  and  nmorphons.     J.  Porter. 

8.  EobiDSOQ :  Cat.  Am.  MId.,  p.  47. 
182o.  Jasper,  homstone,  agate,  quartz  crystals,  ferrngmonsqiiarts. 
Pittsfield.     Dalton.     New  Marlboro. 

MaBsive  and  cryatallized.  Verf  lar){e  agates  in  inassee  of  homitone  and 
jaapery  qnartz  and  jasper;  Pittsfield.  Ferruginous  quartz  in  yellow  crys- 
tals; Dalton. 

Arenacoons  qaartz;  New  Marlboro. 

C.  A.  Lee :  Min.  Loo.,  Am.  Jour.  Soi.,  Vol.  IX,  p.  43. 

1826.  Bine  quarts.     Windsor. 

Of  gooil  color  in  amorphons  masses.     (J.  Porter.) 

8.  Robinson :  Cat.  Am.  Mia.,  p.  77. 
1841.  Chalcedony.    Tyringbam. 

E.  Hitchoocb :  Final  Rept.,  p.  186. 
18il.  Mammillary  chalcedony.    Tyringham. 

Nos.  2328,  2339  in  catalogae  of  State  colleotion. 

(Qaortz.) 

E.  Hitcbcook:  Final  Rept.,  p.  819. 
1854.  Mammillary  chalcedony.    Tyriogham. 

Noa.  236, 237. 

E.  Hitflboook :  Cat.  Bocks  of  Mass.,  6th  Rept.  Hoss.  Bd.  Agri.,  Appeu- 

1876.  Qnartzite,  iron  flint.    Hinsdale. 

C.  U.  8bep»rd :  Cat.  Uin.  within  60  miles  of  Amherat,  p.  7. 
1890.  Qnartz.     Hinsdale. 

Large  geode  oavi tie*,  with  fine  slightly  smoky  crystals,  doably  termi- 
nated with  very  short  prisms  associated  with  specnlar  iron. 

Coll.  of  E.  B.  UnderhiU,  Halloek  Hills,  N.  Y.  PreMOted  to  Amherst 
College,  1888. 

1890.  Qnartx.    Becket  [eaet  of  3baw  Pond). 

Bine  chalcedony  with  druayanrfacea,  in  bowlderaofpre-Cambriaa  gneiss. 
1895.  Amethyst.     Becket  (B.  Alderman's).  • 

In  contact  selvage  of  pre- Cambrian  limestone  with  ootinolite,  etc. 
1895.  Qnartz.     Monterey  (Bear  Mountain). 

Pre-Csmbrian.  In  pale  Bmoke-grsy  crystals,  with  etched  and  rounded 
faces,  aeeociated  with  Bne  flbrons  aotinolite  and  graphite. 

D.  Clark  coIleetioD. 

1895.  Qnartz.    Tyringbam  (the  Cobble). 

In  well-terminated  crystals  in  a  granite  Tela. 

D.  Clark  colleotion.  . 

1S95.  Rose  quarts.     Otis  (roadside  near  east  side  of  Tyringbam). 

D.  Clatk  collection. 
1895.  Yellow  jasper.    TyriDghatn. 

In  drift;  with  earface  of  bine  chalcedony.  Also  a  deep  liver-red  Jasper 
brecciated  with  white,  from  bowlder  in  John  Winthrop  pastore. 

D.  Clark  ooUeotiOD. 
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1895.  Chalcedony.     Tyringham  (D.  Clark  farm,  one-fonrtb  mile  east 
of  boaae). 

BeautLfDl  great  maBBOB  of  truuIocMilit  ahaloodooy;  flsah  color  to  »mber, 
with  Bmall  batrjoidal  anrfacB  of  blaUh  or  whilisb  aliade. 

D.  Clark  collaction. 
1895.  Jasper.    Monterey  (Marsball  Bidwell's  land,  near  Lake  Garfield). 

Jasper  of  varioiu  aliadeB  of  fellow,  often  colored  blaeli  hy  manganeBe 
and  coated  b;  fine  drniy  qaaiU;  alio  colored  lilaotc  by  maDganese  and 
mnnmg  into  fine  bine  ahades,  often  laiaed  above  the  general  snrface  in 
iiutl«<l  maasea  of  finely  interlaced  thread*,  aa  if  the  quarts  bud  coated 
rootlets.  ThU  ia  the  beat  locality,  but  the  same  Jsaper  is  foniid  all  up  and 
down  the  Tyringham  Valley  ia  the  drift — at  Fertuide,  in  Otis,  in  Bocket, 
where  a  great  ina«  was  blasted  iu  the  roadside,  and  near  tlie  West  Becket 
poBt-oEBo*.     All  these  Jaspers  indicate  fanlts. 

D.  Clark  collection. 

1895.  Brown  jasper-agate.    Tyringham, 

Beantiful  botryoidal  masses  showing  white  and  brown  concentric  rings 
tram  the  tmticatjon  of  the  balls, 
D.  Clark  colleolion. 

1895.  Black  qnarts.    Tyringtiam  (tiie  Gobble  and  at  the  foot  of  the 
Hop  Brook  gorge). 

A  black  qaartz  Tein,  the  mineral  often  besntifolly  irldasoent  from  &e- 

D.  Clark  collection. 
1895.  Cellnlar  quarts.    TyriDgham. 

Bowlder,  A  qnartz  breccia  with  the  pebbles  disaolved  out.  A  faalt  rock 
probably  brought  sonth  from  the  Sonth  Dalton  fanlt. 

D.  Claik  collection. 
1895.  Fettd  quarts  (necronite).     Tyringham. 

Bowlder. 

D.  Clark  collection. 
1895.  Qnartz  crystals.    Tyringbam  (Fernside). 

Fine  limpid  crystals  half  an  luch  long. 
1895.  Greasy  qnarts.    Lee. 

From  a  bowlder  on  the  old  turnpike  from  Lee  to  Sonth  Lee,  one-fonrth 
mile  Booth  of  the  oovervd  bridge.    A  fine  greaay  qnartz,  white  and  deep 
•         leek-green. 

D.  Clark  ooUection. 
1895.  Quarts  paandomorph  after  albite  and  containing  salit«  crys- 
tals wbicb  are  often  dtasolved  or  replaced  by  treuiolite.    Tyring- 
ham (Sodotn). 
In  pre-Cambrian  limastone;  see  page62  for  Agnrea  and  fall desorlptioii. 

1895.  Amethyst    Tyringbam  (near  Upper  Ooose  Pond). 

Of  pale  color. 

1896.  Chalcedony.    Otis  Oenter. 

Bowlder.  Very  large  maBses  of  a  white  cbaloedouy,  which  in  eayities  is 
flue  botryoldal,  dmsy,  and  of  faint  shy -bine  color. 

It  inclndea  angnlar  fragments  of  a  yellow  Jasper,  showing  that  it  is  the 
filling  In  of  a  vein  in  which  the  yellow  Jaaper  had  been  a  prATlons  filling 
B&attered  by  a  later  movement  of  the  vein  wall*.  Both  oontain  fragments 
of  the  wemerite,  which  sbows  that  they  are  filUngs  of  flMniee  in  tbe  eal- 
oite  bed  on  the  Otis  fault.  i-.i  -^  m    — -.-.j,'^ 
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1896.  Jasper.    Hiasdale. 

In  large  mMBea  on  we«t  slope  of  bill  1,720  feet  high,  2i  milea  north  of 
BtatioQ.  Also  on  Pern  toad  north  of  Aahmers  Lake,  in  yellow,  red,uid 
white  oolora.    (Doubtless  from  Cheshire  qnartzite.} 

Collected  b;  B.  F.  Newell. 

EUTILE. 

1825.  Red  oxide  of  titanlam.    Pittsfleld  (sontbeast  part;  in- green 
quartz).    Ualton  (in  quartz).    New  Marlboro. 

C.  A.  Lee :  Mln.  Loc.,  Am.  Jonr.  Sci.,  Vol.  IX,  p.  42. 

1832.  Rntile  (PeritoDeoiis  Erytbroneore).    WiDdsor. 

The  loualit^  affording  rutile  in  the  greatest  quantity  la  the  United 
States  is  a  very  extensive  ledge  of  chlorite  elate  at  Windsor,  Mass.  The 
crystals  of  rntile  are  beie  thickly  disseminated  tlirongh  narrow  veins 
of  feldspar  traveTsing  this  rock,  and  also  occur  in  seams  in  the  rook  Itself. 

C.  U.  Shepard:  Treat.  Min.,  Vol.  II,  Tt.  I,  p.  169. 
1844.  Rntile  (Peritoneotts  Erythr<me-ore).    Windsor, 

Flue  crystals  thickly  disseminated  through  veins  of  feldspar  interaeotiag 
chlorite  slate. 

J.  D.  Dana ;  Sys.  Mln.,  2d  ed.,  p.  421. 

1852.  Rntile.    Windsor. 

C.  U.  Shepard:  Treat.  Min.,  p.  266. 
1868.  Rntile.    Windsor. 

J.  D.  Dana:  Sys.  Min.,  5th  oil.,  p.  161. 
18T6.  Ratllita.     Windsor. 

C.  U.  Shepard:  Cat.  Min.  wilhin  50  miles  of  Amherst,  p,  7. 
1881.  Rntile.     Windsor. 

In  red-brown  ileeply  striated  prisms  up  to  1}  Inches  long,  closely  resem- 
bling the  Chester  County,  Pennsylvania,  variety.    In  white  albite. 
1892.  Rntile.     Windsor. 

J.  D.  Dana:  Sys.  Min.,  6th  ed.,  p.  235. 
1895.  RntUe.    TyriDgbaoi.     Daltoii  (Gottsville  qaairy). 

Bowlder  in  Stockbridge  limestone.     Dark  red-brown  striated  needles. 

SCOLECITE. 

1895.  Seoleeite.    Tyringbain  (Hop  Brook  gorge). 

Kadiated  blades  on  orthoclase.  In  masses  of  radiated  tafts  and  globules 
gradaating  upward  iuto  flue  globes  of  1  iuch  in  diameter  of  Hnest  fibroma 
ohaTacter,  also  in  thick  massBH  bo  finely  flbrons  and  altered  to  kaolin  that 
It  has  a  miLHsive  porcelaueons  look  and  botryoidal  snrface,  also  >  soft, 
drosy  anrfacu  gron-th  forming  gre:it  nrisses  of  balls  an  inrh  acroes.  It 
also  occurs  encTuating  liiotite  and  pyroxene,  and  in  a  later  generation  with 
other  zeolites.     See  p,  55. 

D.  Clark  oolleotion. 

1895.  Seoleeite  peendomorph  after  ivemerite.    Tyringham  (Hop 
Brook). 

(See  nnder  wemerite.) 

D.  Clark  collection.  ^  >^,OOqIc 
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SERPENTINE. 

1S23.  Serpentliie.    WiDdsor  (nortbwest  part). 

U.  Dewey ;  Geol.  WBBtern  Haaa.,  Am.  Joor.  SoL,  Vnl.  Till,  p.  60. 

1824.  SerpentiiM.    Wiodsor. 

C.  Deway :  H<Bt.  BerkahiM  Conntr,  p.  191. 
1^1.  Tort  antique?    Beoket 

A  maKneaiMi  mineral  fonnd  in  a  bed  in  gnelw  on  the  rlTei  in  Baoket, 
colored  green  b;  wrpentine.  It  may,  m  Dr.  Emmoaa  sapposea,  be  a  ser- 
pentine marble.  It  ia  a  tongli  mineral  and  takes  a  tine  polish.  The  quan- 
tity of  Mrpentlne  la  aometimea  amall  and  the  oolor  yellowish  white. 

C.  Dewey :  Oeol.  Beikahlre,  Am.  Jonr.  Sei.,  Vol.  VIII,  p.  56. 

(This  is  the  Colea  Brook  limestone  with  altered  ohondodrite.) 

1826.  Vart  antiqa«. 

The  above  localities  in  Windsor  and  Becket  cited. 
8.  Robinson:  Cat  Am.UiD.,p.7T. 

1825.  Serpentine.    Daltou  (east  part  of  town). 

Containing  asbestos. 

C.  A.  Les :  Hin.  Loo.,  Am.  Jour.  Sol.,  Vol.  IX,  p.  43. 

1841.  Serpentine.  'WlDdBor(northea8tandnortfawestpart8).  Oheshire 
(sourh  of  M.  House's,  a  little  east  of  the  foar  coroers). 

Windsor,  northeast  part;  serpentiDe  with  chondrodite.    Cheshire;  hard 
serpentine  in  gneiss. 
Catalogue  of  State  collection. 
E.  Hitchcock:  Filial  Bept., pp. 616, STT, 878. 

SPINEL. 

1892.  SplneL     Norfolk,  OoDaecticat. 

Spioel  is  absent  in  the  pre-Cambrlan  limestonee  of  the  BandisBeld  and 
Beoket  qnadrangles,  and  flret  appears  aoutli  of  the  border  of  the  map  in 
Norfolk  in  the  same  limeatone. 

STATTEOLITE. 

1822.  StanroUte.    Pittsfleld. 

In  small,  light-biown  orystala,  either  single  or  croaslDg  each  other  at 
right  angles. 
It  is  associated  with  garnets  and  sntphnret  of  Iron  (Rail). 
P.  CleaveUud :  Treat.  Mlu.,  Vol.  II,  p.776. 

1823.  Stanrotlde.     Hinsd^e. 

"In  vast  quantities  in  mioa-sohist."    Am.  Jour.  Sci.,  Vol.  VI,  p.  219. 

S.  Bobinson :  Cat,  Am.  Hin.,  p.  S3.  This  is  a  citation  from  HItohoock's 
Oeology  of  the  Connecticut,  and  refers  to  Hinsdale,  New  Hampshire. 
Hitchcock  is  giving  the  liat  of  towns  up  the  Connecticnt  and  erossea  the 
State  liue  without  indicating  it. 

1824.  StanroUte.     ShefBeld. 

In  small  area  of  mloo-schfet. 
C,  Dewey:  Am. Jonr.Sci., Vol.  VHI.p.T. 
188S.  StanroUte.  ^^  ■ 

J.  D. Dana:  Am.  Jour.  Sci.,  3d  ed.,  Vol.  XXIX,  p. 21*1  *.^TOOg IC 
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BTILBITB. 

1895.  SpharoBtilbite.    TTriugham  (Hop  Brook). 

Pre-Cambriai).  In  IwUs  wilh  faceted  faces,  radiated  within  with  pearlf 
InBter.  Fiae  groups  coat[Dg  blotite ;  also  in  sheaves  and  in  segments  of 
wheels.  ODebeaatiftaloyliadrical mass,  Tincheshigh,4iiiiohBBiii diameter, 
covered  with  the  warty  protaberauces  made  of  the  Gpe  epbeiea,  waa  sent  to 
the  exposition  at  Chicago.  One  mass  more  than  a  foot  aoross  was  fonnd. 
lliere  is  alao  a  aeooad  growth  of  small,  single  cry  stals  of  stilbite.  It  occnrs 
also  iu  separate  projecting  and  interlaced  thick  blades  oi  P  d6  <010),  oo  P 
d6  (100),  OP  (001).  Color,  opoqne-wbite,  often  811101(7  exteriorly.  Other 
orysttile  appear  with  tapering  ends  from  the  development  of  P  (111). 
Other  specimens  are  small,  limpid,  siDgle  crystals  oo  P  do  (100),  oo  P  a 
(010),  OP  (001). 

Tbe  EtKilites  were  fonnd  in  a  rotten  vein  in  the  coarse  pyroxene  rook 
with  big  cTystals  of  dark  brownish  black  biotite  changed  to  jefferleite; 
well-formed  cryatala  11  inches  to  6  inches  across,  some  often  fnsed  together 
by  sphEBFoetilbite  and  deeply  warped. 

D.  Clark  collection. 

SULPHUR. 
1824.  Sulphur.    Tyringham. 
In  mica-slate. 

C.  Dewey:  Oeol.  western  Mass.,  Am.  Jonr.  8oi.,  Tol.  VIII,  p.  51. 
1824.  Sulphur.     Hinsdale. 

In  cavities  of  a  mica-slate  rock  consisting  chiefly  of  qoartK.     It  is  a 
brown  powder,  from  its  mixtnre  probably  with  oxide  of  iron. 
C.  Dewey:  Oeol.  Berkshire,  Am.  Joar.  Sci.,  Tol.  VIII,  p.  33, 
1625.  Bnlphur.     Localities  in  Tyringbam  and  Hiusdale  cited  above. 
8.  RobinBon:  Cat.  Am.  Min.,  pp.  54,  73. 

I  have  not  fonnd  enlphnr  in  the  cavities  of  tbe  Hinsdale  ^eissee,  which 
are,  however,  often  flllod  with  a  yellow  pnlverolenl  limonite. 

TALO. 

1823.  Steatite  (potstone).    Windsor. 

Very  fine;  formerly  wronght  into  inkstands,  which  are  still  made  by 
Shakers. 
C.  Dewey:  Geol.  western  Mass.,  Am.  Joor.  Sol.,  Vol.  VIII,  p.  51. 

1824.  Talc.     Wiodaor. 

C.  Dewey :  Hist.  Berkahiro  Connty,  p.  191. 

1824.  Steatite.     Windsor. 

C.  Dewey:  Oeol.  Berkahire,  Am.  Jour.  Sol.,  Vol.  VHI,  p.  51. 

1825.  Steatite. 

Cited  above.    Also  talc.    (H,  H.  Wells.) 
S.Bobinson:  Cat.  Am.  Min.,  p.  77. 

1825.  Talc.    Pittsfleld. 

Of  different  colors. 

C.  A.  l.ee:  Uin.  Loc,  Am.  Jonr.  8ci.,  Vol.  IX,  p.  43. 

1841.  Steatite.    Hinsdale. 

E.  Hitchcock :  Final  Kept.,  p.  156. 
1841.  Steatite.    Hinsdale. 

In  gneiss.  /^^  i 

E.  Hitohoook:  Final  Kept.,  p.  610.  Dignizedby  V^TOOglt 


124  QEOLOGT  OF  EASTERN  BBSE8H1BE  COUNT?,  UAS8.     [■du.IHl 

1892.  Talc     Hinsdale. 

Th»  grekt  beda  of  tela  oonnscted  witb  the  HiiiBd»l«  limeaMne  are 
dt«ciib«(loDp*gee  28-33.  TheUrgeatbedtare&ttheqnBrrjDvarWakona]) 
Falls,  tlie  stratum  being  30  feet  tblck,  where  the  brook  from  Aahmere 
naerrolt  otoMea  Rfr«r  Bend  Farm  below  the  mill  pond. 

TITANITB. 

1S24.  Red  oxide  of  titaniom.    Pittsfleld. 

In  amall  prisma  In  qnnrti!  aasooiated  with  dolomite ;  rare. 

C.  Dewey:  Oeol.  Berkihire,  Am.  Joar.  8ci., Vol. VUl,  p.  58. 
1841.  Sphene.     Lee  (east  part  of  town).    Tyringbam. 

Lea;   in  angitio  gDnins;  finest  in  New  EngUnd;  No.  1091,  Cat.  SUte 
Coll.,  p.  637.     In  tftloose  limeatone,  No.  1981,  Cat.  SUte  Coll.,  p.  810. 
Tyringbam;  with  hornblende,  Ko.  2301,  Cat.  State  Coll.,  p.  818. 
E.  Httohoook:  Final  Kept.  Oeol.  of  Mass. 
1814,  Spbeiie  (Rwtilue  obliquut).    Lee  (eastero  part). 

Verj  good  •peclmens  Id  gneisa.  , 

J.  D.  Dana :  87a.  Wd.,  Sd  ed.,  p.  423. 
18M.  Sphene.    Becket. 

In  talcoM  limeatona  (prabably  Colea  Brook  bed). 
E.  Bitebcock :  No.  193,  Cat.  Haas.  Coll.,  Agri.  Kept.,  p.  35. 
1858.  Sphene.    Tyringfaani. 

With  hornblende;  No.  210. 

E.  Bltchcook:  Cat. Haas.  Rocks  In  Gth  Ann.  Bapt.  Haas. Bd.  Agti. 

1868.  Sphene. 

J.D.Daoa:  Bys.Hln.,  6tb  ed..p.3S6. 
1872.  Sphene. 

J.D.Dana:  Sya.Hln.,6tli  ed.,p.T16. 

E.  Hitchcock :  Final  Bept.  Geol.  of  Mass. 

1895.  Titanite.    Sandisfield.    Becket.    Ooles  Brook. 

Saodiifleld;  in  drift  on  Birch  HUl,  with  hornblende  and  weroerite. 
Becket;  100  rods  east  of  R.  Aldennan's  house. 
Crystals  a  half  inch  long. 
Coles  Brook;  In  Hinsdale  II mestoDe. 
1895.  Titanite.    TyriDgham  (Sodom,  Hop  Brook  gorge). 

In  pre-Cambrian  limestone.  Beantiful  flat  traniparent  ohestnnt- brown 
crystals,  often  an  Inch  long.  Some  arerlch  red-brown  at  oneendand  grade 
to  cloTo-brown  or  dnsty- white  at  the  other.  There  are  also  most  beautiful 
Umpid  hyacinth-red  bladed  crystals  in  caloite.  In  Sodom  chestnut-brown 
cryatala  ocanr  in  pink  caloite  with  radiating  black  hornbleade.  Tfacy 
show  the  faces  OP  (001),  P  (111),  aoPoo  (100),  ooP  (110),  and  muUlpln 
twioQiDgaccordingtotbe  third  law  (Dana)  approximately  parallel  to^:^l. 

D.  Clark  collection. 

1895.  Titanite.    Kew  Marlboro  (road  to  Sontbfleld}. 

Deep  cutting  in  msty  rook  by  roadside.    Pre-Cambrian.    Large  pale- 
brown  wedge-shaped  crystals. 
D.Clark  collection. 
1895,  Titanite.     Ea^t  Lee  (east  of  tbe  Oousset  road). 
Bowlder  of  pre-Cambrian  Hinsdale  limestone. 

The  crystals  are  half  an  inch  loDg  and  of  pale  Isabella  yellow.  Forms: 
OP  (001),  00 P»  (100),  odP(IIO),  P(lll),  u, ,  ,_,  .,,,  ^.._.-..j,.^ 

D.  Ctark  collection.  '~' 
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1895.  Titanite.     Becket  (near  Wefit  Becket  pOBt-offloe). 

AlargemaBBwosblutedont  iuimpTOTiagtbeioad.  Tbe  mineral  occnn 
in  a  white,  gr&nalar  feldspar  rock  (pre-CuDbrian},  with  gnaa  sotinolilo, 
fuid  is  probably  from  an  altered  form  of  the  HinsdaU  Ilmeetone.  It  is  in 
\Mj  abandant  crystals  of  rioh  ohestnnt  color,  often  an  inob  long,  and 
shows  the  forma  OF  (001),  P  <111),  oo  P  (110). 

D.  Claik  coUectioD, 

1895.  Titanite.     Otis  (Hop  Brook  gorge). 

From  the  upper  bed  uf  pre-Cambrian  limestoDe.     Flat-bladed  chestnot- 
biown  crystals  an  Inch  long. 
D.  Clark  collection. 

TOURMALINE. 

1821.  SehorL     Dalton.    Pittsfleld  (sontheast  part  of  the  town). 

In  mica-elate. 

C.  A.  Lee :  Min.  Loo.,  Am.  Jonr.  Soi.,  VoL  IX,  p.  12. 

1822.  Tellow  tourmallue.     Dalton  (near  the  Hoasatonic). 

In  groups  of  straw-yellow  crystals  from  an  Inch  to  2  incbes  long,  eome- 
timea  with  terminations  in  granular  limestone  (M'Enen). 

F.  Cleaveland:  Hin.,p.  321. 

This  interesting  occurrence  I  have  not  been  able  to  verify.  It  may  be 
tremolite  in  the  Stockbridge  limestone,  but  from  the  great  abundance  of 
minnte  tonrmaline  in  the  snbjacent  Cheshire  qnarizlte  the  occurrence  of 
toarmaline  in  the  limestone  is  not  improbable. 

1824.  Black  tottrmaline.    Washington. 

J.  Porter:  Min.Loo.,  Am.  Jonr.Sci.,  Vol.  VII,p.262. 
I  have  not  found  this  mineral  in  WashingtoD. 

1825.  Yellow  tonrmalliie.    Dalton  (near  the  Hoasatonio). 

In  groups  of  straw-colored  crystals  in  granalar  limestone. 
S.  Robinson:  Cat  Am. Min., p.  46. 

1896.  Toazmaline.    Saadisfleld   (in   field    near  Mr.   George   Blake'a 

house). 

Black  crystals  1  inch  across  and  S  to  S  inches  long,  iu  a  small  pegmatite 
vein,  much  Jointed,  faulted,  and  recemeuted  into  beautiful  series  of  eche- 
loned disks. 

1895.  Tonnnallne.    Tyriogham  (the  Cobble). 

In  well-terminated  black  crystals  in  a  granite  dike. 

D.  Clark  collection. 

1895.  Toonnaline.    Sandisfield  (near  town  hall). 

Black  crystals  H  inches  aoroos,  much  Jointed,  and  recemented  with 

D.Clark  collection. 

WEENBRITB. 

1811.  Scapollte.    Tyringham.     Lee. 

Tyringlum ;  crystallized  hornblende  and  scapolite ;  No.  2300,  State  col- 
lection. 
Lee;  anji^te  with  soapolite;  No.  1092,  State  collection. 

E.  Hltohoook:  Final  Kept.  Geol.of  MaBa.,p.81S. 
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1844.  SoapoUte.     {Scapoln*  pj/ramidalit.)    Tyringhun. 

.I.D.Dwia:  Sj*. Mln., 2d ed.,p.539. 
1868.  Scapolite.    Tyringham. 

With  bornblonde. 

E. Hiteheoek:  No. 318, Cat. Rttokaof  Mm*., 6thAnn. Rept.  HaM. Bd.  Agri. 
1868.  Soapolito. 

J. D.  Dana;  B7a.Hiii.,6tlied.,p.nO. 
1892.  ScapoUte. 

Idom,  6th  ed.,  p.  1069. 
18It5.  Wemarlte.     Tyringham  (Hop  Brook  gorge,  Sodom). 

PrA-Cambrian.    Pure  irhit«  prianu  3  inohna  lonf;  and  t  inoli  aqnare. 
Other  oryatala  lu  almott  aoicalar  aqiiare  primuj  crystal*  goneially  bant 
or  hroken  by  later  growth  of  hombleDde, 
D.  Clark  colleotioD. 
1896.  Weznarite.    Lee  (Cpper  G«oae  Fcmd,  near  Elwells  Bocks). 

Peculiar  forma ;  doep  topaz  to  fle«h-colored;  gtany  and  highly  laatronB 
oa  oryetal  fitoM ;  tnuupareut,  and  a  tmegemfonn.  SomecTyatala  broken. 
The  erystalB  are  blaok  at  baae  and  obaDgs  up  through  browu  and  wins- 
yellow  to  nearly  colotlsaB.  Inaet  orystala  raised.ftom  the  polished  faces. 
The  oc  P  eo  {101)  oleavage  is  perfect;  crystals  are  half  an  inch  wide  and 
1  inch  long,  with  the  form  n  P  oo  (101),  P  (111). 

HaMea  3  inches  square  show  deep  flNh-oolor;  more  flbnnieoleaTage,  like 
ordinary  scapollt«;  growing  paler  by  alt«ration.  Blades  of  deep-greeu 
BottDolite  and  pyroxene  prianu  are  grown  thnragh  the  mau. 

AUo  large  masse*  of  ooaree  granolar  textnre  eomposed  of  Imperfect  stout 
■orystala  1  Inch  across,  blnish  gray  shading  to  white  at  border,  and  very 
tteah,  greasy  Inator,  with  biotite. 

D.  Clark  oollecUoD. 
1896.  Wemerite  changliig  into  ocoleciteu    TyriDgham  (Hop  Brook 
gorge). 

Large  imperfect  aqnare  prisma,  with  fcreaay  bluish  lustsr,  and  massea  of 
a  colorless  wertierjte  grannlar  rook,  tall  at  amalt  phlogopttea  and  aotiao- 
lite  bladea,  are  changed  to  a  masa  of  radiated  fine  fibrous  balls  of  sooleeite, 
opaque  white,  at  the  anrfaoe  forming  delicate  botryotilal  snrfsoes  of  the 
fine  free  needles.  In  cross  sections  the  balls  are  concentrically  banded, 
the  lower  half  opaqne-white,  the  upper  translucent.  This  wemerite  is 
fouud  in  niMsea  of  tons  in  eize  along  the  brook  gorge,  white  and  pale 
gray,  with  eryatela  growing  from  the  aurfaoe.  Other  cryatala  are  email 
•qaore  ptisms  one-half  inch  long,  ooe-fonrth  inch  wide,  often  bent;  snow- 
white,  with  satiny  luster,  apparently  changed  to  scolecite  in  needlea  par- 
allel to  OP  (001).  Otherspecimenaaiealaoooated  with  the  radiated  balls 
of  scolecite  as  aboTe.  One  piece  bristlee  with  white  needle*  of  wemerite 
one-half  millimeter  across,  many  of  which  are  deep  square  hollows, 
leariog  only  shells,  and  many  are  inclosed  in  deep-green  pyroxene  and 
remain  hollow. 

D.  Clark  oollectlon. 
1895.  Wamarita.    Tyriugham  (Hop  Brook]. 

A  large  impure  crystal,  foil  of  caloite  and  phlogopite,  wae  examined  in 
thin  section  under  the  microscope.  The  cryatal  is  fnll  of  minute,  long, 
square  prisma,  whoae  cleavage,  high  relief,  and  obllqne  extinction  ahow 
themtebe  white  pyroxene.  The  wemerite  is  brown,  shaded  in  Irregnlar 
patches,  which  are  white  by  reflected  light.    This  is  eaosed  by  the  fibrou* 
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deoampoaitlon  prodoot  common  In  wemerite,  which  la  optloally  positive 
and  haa  very  weak  doable  refraction  (V=.008),  agreeing  exactly  with 
Molecite.  A  tniauing  antnre  rniu  parallel  with  OP  (001),  and  tlievptioal 
ozla  makes  an  angle  of  16°  with  this  on  either  side. 

1895.  Wernerite.    SaadisQeld  (Beech  Plain). 

In  drift,  with  hornblende  and  titonito. 

1896.  \7emerita.    Otia  {Otis  Oeoter). 

The  coorae  limeatone  at  Otis  Center  oontains  wemerlte  In  gronpa  of 
BtODt,  white,  interlaced  crystals  and  pnrple  glassy  masses.  It  occurs  in  the 
brook  bed  near  the  mill  and  Jnst  west  of  the  Tillage  street. 

Z0I8ITE. 
1841.  Zolsite.    HiDBdale. 

In  mica- schist. 

E.Hitobcock:  Final  Sept., fl06. 

(I  have  never  seen  zoisite  from  Hinsdale.     It  may  be  the  same  mineral 
cited  herein  u  fibrolite.) 
1844.  Zoisite.     (Garbunculus  rkomhoideua.)    Hiuadale.    Windsor. 

J.D.Dana:  8ye.Uin.,2d  ed.,p.300. 
1S6S.  ZoiBite. 

Idem,  6th  ed.,  p.  393. 

1892.  Zoisite. 

Idem,  6th  ed.,  p.  (tU. 
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than  New  York  marblea.  Strong  »od  dnrkble,  baa  little  iron,  and  becomes 
Bomewhat  brown  ou  eipoBure.  This  ia  thought  by  aome  to  ba  an  excel- 
lance.    Not  weakened  by  the  change. 

1884.  MoGee  (W  J).  Map  of  the  United  States,  exhibiting  the  pres- 
ent etatuB  of  knowledge  relating  to  the  final  distribation  of 
geologic  groaps.  (PrelimiDary  compilation.)  Compiled  by  W 
J  McGee,  1884.    Fifth  Ann.  Bept.  U.  S.  Geol.  Survey,  PI.  II. 

All  the  region  given  as  Azoio-Arohean. 
1884.  HitobSooe  (G.  H.).    Geological  map  of  the  United  States,  in 

The  National  Atlas.    Grey,  Philadelphia. 
18S4.  Dana  (J.  D.).    On  the  decay  of  qnsrtzite  and  the  formation  of 
sand,  kaolin,  and  erystalUne  qnartz.     Am.  Joor.  Soi.,  Vol. 
XXVIIl,  p.  448. 

1.  Sand  from  quartzite.  2.  Feldapathio  qnartzite  the  source  of  the 
kaolin.  3.  Paendobrecoia  from  quartzite  and  in  some  of  this  peendobreo- 
oia  or; stallized  qnartK. 
1884.  HAWBB  (G.  W.),  KiiLLBT  (C),  Mbeeill  {G.  P.),  and  Shalbb 
(N,  S.).  Kepoi-t  on  the  bailding  stones  of  the  United  States, 
Tenth  Census,  Vol.  X. 

Mnscovite-biotite-gneias  of  t<he  Cheater  Oraolte  Company,  called 
Arcbenn,  p.  54. 

1884.  Whithey  (J.  D.)  and  Waj>swobth  (M.  E.).    The  Azoic  system, 

Vermont  and  western  Massachusetts.  Bull.  Mus.  Comp.  Zool., 
Vol.  VI,  p.  440. 

So  far  M  relatea  to  oat  area,  the  nection  is  almost  wholly  devoted  to  an 
aooiirate  and  detailed  e?>poeitloD  of  T.  Starry  Hnnt's  views  oo  the  Taconio 
ayatem  and  ita  remarkable  metamoTphoses.  Jt  is  thus  wholly  given  to  a 
diacnsaion  of  post-Azoio  rocks  and  rucka  it  recognizes  as  such,  and  doea 
not  mention  any  of  the  rocksoT  areas  of  pre-Cambrian  age  in  this  territory. 

1885.  Mbbbill  (George  P.).    The  collection  of  building  and  orna- 

mental stones  in  the  United  States  National  Museum.  A  hand- 
book and  catalogue.  Bept.  Smith.  Inst,  1885-86,  Part  II, 
pp.  277-618,  Pis.  I-IX. 

18S6.  Dana  (J.  D.).  Decay  of  qnartzyte:  Pseudo-breccia.  Am.  Jour. 
Sci.,  Vol.  XXIX,  p.  57. 

Explains  the  breoolas  b;  the  wedging  action  of  cryatalUziug  iron  oom- 
ponnda. 

1885,  (1883-84.)  HuMT  (T.  S.).  TheTaconIc  question  in  geology.  The 
"Taconiao"  is  a  late  pre-Cambrian  formation.  Trans.  Can. 
Boy.  Soc.,  Vol.  I,  Pt.  4,  p.  227;  Vol.  II,  p.  125. 

1885.  Dana  (J.  D.).  On  Taconic  rocks  and  stratigraphy,  with  a  geo- 
logical map  of  the  Taconic  region.  Am.  Jour.  Sci.,  Vol.  XXTX, 
pp.  206,  437. 
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188S.  Topographical  map  of  the  State  of  Hassachosetta.  Ezecated  by 
the  United  States  Qeologioal  Snrvey,  at  the  joint  expense  of 
the  State  and  the  Survey. 

6ca1b1;62,600;  SO-foot  oontonr*  in  brown;  natar  in  bine;  roadsin  black. 

1887.  Daha  (J.  D.).    On  Taoonie  rocks  and  stratigraphy,  with  a  geo- 

logical map  of  the  Taconic  region.     Am.  Joor.  Scd^   Vol. 
XXXIII,  p.  270. 
Alai  poblltbed  Hpantslf ,  with  188B  part. 

1888.  Geology  of  Berkshire  Ooonty.    Child's  Berkshire  Oonnty  Gazet- 

teer, pp.  21-26. 
Inadeqiut*  and  worthlwa. 

1888.  Waloott  to.  D.).    The  Taoonic  system  of  Emmons,  with  map 

covering  western  border  of  the  area.    Am.  Jopr.  ScL,  YoL 
XXXV,  pp.  229,  307,  394. 

1889.  Mebbill  (George  P.).    Handbook  and  catalogue  of  bailding 

and  ornamental  atones  in  the  TTnited  States  National  Masenm. 
Kept.  Smith.  Inst.,  1885-86;  p.  277,  Pla.  I-IX. 

1890.  Dana  (J.  D.).    Archsean  axes  of  eastern  North  America.    Am. 

Jonr.  Sci.,  Vol.  XXXIX,  p.  378. 

1890. .    Archnan  limestone  and  other  rocks  in  Norfolk,  Connecti- 

cnt.    Am.  Jonr.  Sci.,  Vol.  XXXIX,  p.  321. 

R.  H.  Comlsb  writ«t  ofalinmtone  ledge  with  apioel  aod  (Aondiodite 
on  laod  of  Ur.  Ralpb  Cre—oy,  near  a  apiing  aontbeaat  of  hia  honae. 

1890.  OBoaBr(W.O.).  Hacferlane'sgeologicalrailway  guide,  2d  edition. 

Olvea  character  of  rocfca  along  Boston  and  Albany  Railroad. 

1890.  Ehebbon  (B.  E.).    Porphyritio  and  gneissoid  granites  in  Massa- 

chusetts.   Boll.  Geot.  Soc.  Am.,  Vol.  I,  p.  609. 

DesoribM  briefly  the  Archeau  btbbb  and  tbelr  borderiog  oongiooMrate- 
gneiaae*.    Tlie  Hin«dale  area  is  taken  &■  type. 

1891.  Walcott  (CD.).    Correlation  papers:  Cambrian.    Ball.  U.  S. 

Geol.  Survey,  No.  81. 

1891.  Hbbbill  (O.  p.).    Stones  for  building  and   decoration.    New 

Tort,    John  Wiley's  Sons. 

Tbls  adds  nothing  coneeming  1>n<ld!ng  etonei  of  MauachoMtta  to  the 
handbook  of  the  United  State*  National  Mnaeam,  1886. 

1892.  HoBBS  (William  H.].    Intergrowths  of  hornblende  with  augite 

in  crystalline  rocks.    Science,  Vol.  XX,  p.  354. 
Angite  sanonDding  hornblende,  trmn  the  CleTeland  mine. 

1892.  — '■ — .    Notes  on  some  pseadomorphs  from  the  Taconic  region. 

Am.  Geologist,  Vol.  X,  p.  47. 

PaendomorphB  of  flbroUte  and  mloa  aner  fUdepar. 

1893.  HoGee  (W  J).    Beconuaissance  map  of  the  United  States,  show- 

ing the  distribntion  of  the  geologic  system  so  for  as  known. 

Compiled  from  data  iu  posseaBion  of  the  GeologioaJ  Sattej.     Berkshire 
Conntf ,  un colored. 
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1894.  McQeb  {  W  J).    Preliminary  geologic  map  of  Kew  York,  ezbibit- 

iog  the  Btmctore  of  tlie  State  so  far  as  known. 

Prepared  by  W  J  HoGee  uodet  tbe  directloa  of  James  Hall.  A  ronnded 
aie»  wholly  Mnthwest  of  the  tme  pre-CambrlAQ  of  Boar  Monntttin  it 
aMigned  to  LftnrentlAn  granite,  including  nnclOBaifled  crystallinM.  The 
rest  aeaigned  to  (Gg)  Georgia  formation,  BQd(Strm]  Metamorpbie,  Trenton, 
And  CaloiferooB  limeatone. 
1694.  PuuFBLLT  (Uaphael),  Wolfp  (J.  E.),  and  DAI.B  (T.  KelBao). 
Geology'  of  the  Green  Monntains  in  Uassachnaetts.  Mon. 
U.  S.  Geol.  Survey,  Vol.  XXHI. 

Notice  in  Am.  Joat.  Sol.,  1896,  p.  U6. 

1895.  Baha  (J.  D.).    Uannal  of  geology,  4th  edition. 

189d.  Shales  (H.  B.)>    The  geology  of  the  road-ballding  stoueB  of 
Massachasetts.    Sixteenth  Ann.  Bept.  TJ.  S.  Geo).  Surrey,  Yol. 
II,  p.  277. 
Notice  Am.  Jour.  Sci.,  4th  aeriea.  Vol.  1, 1806,  p.  489. 
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